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Advertisement. 


AB  OUT  twelve  years  price,  not  long  af¬ 
ter  the  Author  of  this  Efay  had  left  the 

fchools  of  Medicine ,  he  began  to  be  diffatisfied 
with  the  common  theories  of  refpiration  and  the 
heart's  motion  ;  and  as  he  had  not  met  with  any 
writer ,  who  had  given ,  as  he  thought ,  a  jufl 
account  of  the  vital  and  other  involuntary  mo¬ 
tions  of  animals ,  or  derived  them  rightly  from 
their  true  source,  he  purpofed  fometime  or  0- 
ther  to  write  on  this  fubjeff ,  if  not  for  the 
publick ,  at  leaf  for  his  own  fatisfallion.  In 
purfuance  of  this  reflation,  the  following  Effay 
was  begun  in  the  year  1744;  and  might  have 
been  finifhed  long  ago,  had  not  the  Author  s  time 
been  greatly  taken  up  with  more  necejfary  buf- 
nefs . — In  compiling  it,  he  has  been  careful  not  to 
indulge  his  fancy,  in  wantonly  framing  hypo- 
thefes,  but  has  rather  endeavoured  to  proceed 
upon  the  furer  foundations  of  experiment  and 

obfervation . 


r  vi  ] 

obfervation.  No  doCtrine  in  Philofophy ,  which 
was  not  built  on  thefe ,  has  ever  been  able  to  ft  and 
its  ground  for  half  a  century  ;  and  the  theories 
of  Newton,  and  fome  few  others  of  the  more 
happy  Philcfcphers ,  have  therefore  triumphed  o-r 
ver  all  objections,  becaufe  they  were  founded  on 
nothing  elfe  but  plain  faCts  $  faCts  indeed,  whofe 
exiftence  was  perhaps  unknown  before ,  and  whofe 
influence  is  fo  extenjive,  that  while  they  are  ftmple 
and  uniform  in  themf elves,  they  ferve  as  cau- 
fes  for  explaining  innumerable  effects.  On  the 
other  hand,  in  the  hypothetical  method  of  philo - 

^ . .  ‘ ,  _  C  •  •  -  ^  ^  , 

fophiftng ,  caufes  are  ujually  affigned,  which 
not  only  cannot  be  proved  to  exift,  but  which 
are  frequently  more  intricate  and  complex  than 

•>  l>-  *  v  ■*  '  y  •  J  J  ..  «--VsS  Vs 

even  the  effects  to  be  explained  from  them .  And 
indeed ,  it  cannot  be  expected  that  imguided  ima¬ 
gination  ftoould  hit  upon  the  truth,  ftnce  nature 
has  fo  clofely  concealed  many  of  her  operations 
that  they  often  elude  the  united  efforts  of  genius, 
induftry  and  experiment . 

There 


[  vii  J 

'There  is  one  favour  which  the  Author  would 
afk ,  of  thofe  who  may  take  the  trouble  to  per - 
ufe  this  performance ,  viz.  that  they  would  de~ 
lay  pajjing  judgment  upon  any  part  of  it,  till 
they  have  attentively  and  fairly  confidered  the 
whole  ,  becaufe  it  is  apprehended,  that  the 
theory  of  every  one  of  the  motions  here  explained \ 
fupports  and  ftrengthens  what  is  faid  of  the  ref, 
and  that  when  all  are  taken  together ,  each  re¬ 
ceives  an  additional  weight  of  argument,  and 
appears  in  a  flronger  light . 


October  i.  1751. 


Errata. 

Pag.  52.  lin.  6.  for  heated  read  treated. 
P.  63.  /.  21.  after  duft,  add  in  a  cat. 
j°.  1 55.  /.  3.  f  following  r.  flowing. 

P.  184.  /.  2.  f  the  r.  thefe. 

P.  206.  /.  6.  f.  actions  r .  aftion. 

P.  227.  1.  ult.  after  abridged,  add  vol.  iii. 
P.  317.  /.  i.f  thefe  organs  r.  this  organ. 
Ibid.  1.  3  .f  them  r.  it. 

£.318.  /. ult.  after  med,  add  vol.  iv. 


t 


CONTENTS. 

Introduction,  Page  i 

Sect.  I. 

Principles  and  faffs  necejfary  to  be  premijed \  5 

*■  *  ~  ~  # 

Sect.  II. 

An  examination  of  the  opinions  of  fome  of  the 
mofi  confiderable  authors  concerning  the  motion 
of  the  hearty 

Sect,  III. 

Of  the  fyftole  of  the  hearty 

Sect.  IV. 

Of  the  relaxation  and  diaftole  of  the  hearty  66 

Sect.  V, 

Of  the  motions  of  the  alimentary  canal  and  blad¬ 
der  of  urine ,  8  2 

Sect.  VL 

Of  the  motions  of  the  blood-veffeh ,  and  fever al 
others  of  the  fpontaneous  kind ,  94 

Sect.  VII, 


» 


x  CONTENTS. 

.  S  ect.  VII. 

Of  the  motions  of  the  pupil ,  and  mufcles  of  the 
internal  ear ,  107 


Sect.  VIII. 

Of  the  alternate  motions  of  refpirationy  150 

V-  ’V  •  (  /  • 

Sect.  IX. 

Of  the  beginning  of  refpiration  in  animals ,  206' 

1 

Sect.  X. 

.  _  .  ‘  \  ,  /-  i  '  '  :  . 

Of  the  reafon  why  the  mufcles  of  animals  are 
excited  into  contraction  by  the  application  of 

a  ftimulus.  229 

Sect.  XI. 

Of  the  jhare  which  the  mind  has  in  producing 
the  vital  and  other  involuntary  motions  of 
animals ,  266 


Sect.  XII. 

Of  the  reafon  why  the  vital  motions  continue  in 
fleepy 


326 


Sect.  XIII. 

Concerning  the  motions  in  the  mufcles  of  animals 
after  death ,  or  their  federation  from  the 
body ,  344 


Conclusion^ 


39° 


I. 


Of  the  Vital 

and  other  Involuntary 

< 

Motions  of  ANIMALS. 


t  i 

INTRODUCTION. 


Physiological  writers  have  divided 
the  motions  of  animals  into  voluntary, 

involuntary,  and  mix’d. 

The  voluntary  motions  are  fuch  as  proceed 

from  an  immediate  exertion  of  the  adive 

-5  ,  S 

power  of  the  will.  The  involuntary  and 
mix’d  motions,  which  laft,  though  fubjed 
to  the  power  of  the  will,  yet  are  not  ordina¬ 
rily  direded  by  it,  may  be  aptly  enough  com¬ 
prehended  under  the  general  denomination  of 
spontaneous  ;  fince  they  are  performed  by 
the  feveral  organs  as  it  were  of  their  own 
accord,  without  any  attention  of  the  mind, 
or  confcioufnefs  of  an  exertion  of  its  adivc 
power  ;  fuch  are  the  motions  of  the  heart, 

A  organs 
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organs  of  refpiration,  ftomach,  guts,  &c\  5 
which  have  been  alfo  diftinguifhed  by  the 
name  automatic  ;  though  perhaps  there 
is  an  impropriety  in  this  term,  as  it  may  feem 
to  convey  the  idea  of  a  mere  inanimate  ma¬ 
chine,  producing  fuch  motions  purely  by  vir¬ 
tue  of  its  mechanical  conftruftion  :  a  notion 

of  the  animal  frame  too  low  and  abfurd  to 
be  embraced  by  any  but  the  moil  minute 

philofophers  ! 

Though  we  may  be  at  a  lofs  to  explain  the 
nature  of  that  fubftance  in  the  nerves,  by 

whofe  intervention  the  mind  feems  enabled  to 
aft  upon  the  mufcles ;  and  though  we  may 

be  unacquainted  with  the  intimate  ftrufture 
of  the  fibres  upon  which  this  fubftance  ope¬ 
rates,  yet  we  have  no  room  to  doubt  that  vo¬ 
luntary  motion  is  produced  by  the  immediate 
energy  of  the  mind  ;  manifold  experience 
convincing  us,  that  though  there  be  required 
certain  conditions  in  the  body  in  order  to  its 
performance,  it  is  neverthelefs  owing  to  the 
will.  Nor  ought  we  to  be  furprifed  when 
we  meet  with  thefe  kind  of  difficulties ;  for 
they  attend  moft  of  our  inquiries  and  re- 
fearches  :  —  Thus,  though  the  laws  of  mo¬ 
tion 
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tion  and  gravitation  be  fully  underftood  and 
demonftrated  by  philofophers,  yet  the  firft 
caufe  of  motion,  the  manner  in  which  it  is 
communicated  to  bodies,  and  the  nature  of 
gravity  itfelf,  have  never  been  explained. 

But  how  it  comes  to  pafs  that  many  of  our 
mufcles  are  brought  into  contraction,  not  only 
without  the  concurrence  of  the  will,  but  in 
oppolition  to  its  ftrongeft  efforts,  and  why 
moft  of  the  organs  of  fpontaneous  motion  are 
continually  agitated  with  alternate  contracti¬ 
ons  and  relaxations,  of  which  we  are  no  way 
confcious,  while  the  mufcles  of  voluntary 
motion  remain  at  reft,  and  are  not  contracted 
but  in  confequence  of  a  determination  of  the 
will  to  that  end  ;  are  queftions  which  have 
occafioned  no  fmall  debate  among  medical 
writers,  and  which  as  yet  they  are  far  from 

being  agreed  about.-— - To  clear  up  thefe 

points,  is  the  principal  defign  of  this  EJfay ; 
and  I  flatter  myfelf  that  the  following  account 
of  the  vital  and  other  involuntary  motions  of 
animals,  will  not  lefs  recommend  itfelf  to  e- 
qual  judges  by  its  fimplicity,  than  by  its  agree- 
ablenefs  to  the  known  laws  of  the  animal 
ceconomy,  and  the  eafy  folution  it  affords  of 

all 
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all  the  phenomena  of  the  human  frame  refpeCN 
ing  its  involuntary  motions. 

Nature,  as  far  as  we  can  judge  from  the 
plan  and  fcheme  of  things  furrounding  us, 
delights  in  fimplicity  and  uniformity,  and, 
by  general  laws  applied  to  particular  bodies, 
produces  a  vaft  variety  of  operations ;  nor  is 
it  at  all  improbable  that  an  animal  body  is  a 
fyftem  regulated  much  after  the  fame  manner. 
Following  the  path,  therefore,  which  Nature 
lias  pointed  out  in  her  other  and  more  grand 
operations,  I  have  in  this  Effay  endeavoured 
to  fhew,  that  all  the  fpontaneous  motions  of 
animals  are  explicable  upon  the  fame  prin¬ 
ciple,  and  owing  to  one  general  caufe.  How 
far  fome  authors  of  great  note  have  been  un- 
fuccefsful  in  their  inquiries  into  this  matter, 
from  their  neglecting  fo  obvious  an  analogy, 
and  endeavouring  to  explain  the  vital  motions 
of  almoft  every  different  organ,  by  a  different 
theory,  is  left  to  the  Reader  to  judge. 

As  the  heart  is  one  of  the  principal  organs 
of  the  body,  and  its  aCtipn  immediately  ne~ 
ceffary  to  life,  we  dial!  begin  with  inquiring 
into  the  caufe  of  its  alternate  contraction  and 
relaxation,  and  whence  it  comes  about  that 

thefe 
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thefe  motions  are  performed  without  the 
mind’s  feeming  to  have  any  concern  in  them, 
nay  in  oppofition  to  the  ftrongeft  efforts  of  the 
will.  But  it  will  be  neceffary  previoufly  to 
lay  down  a  few  pofulata ,  as  a  ground-work 
upon  which  is  to  be  built  our  theory  of  the 
involuntary  motions  of  animals  in  general, 
and  of  that  of  the  heart  in  particular. 

SECT.  I. 

Principles  and  faffs  neceffary  to  be  premifed. 

/ 

i.  A  Certain  power  or  influence  pro- 
11  ceeding  originally  from  the  brain 
and  fpinal  marrow,  lodged  afterwards  in  the 
nerves,  and  by  their  means  conveyed  into  the 
mufcles,  is  either  the  immediate  caufe  of 
their  contraction,  or  at  leaft  neceffary  to  it. 

The  truth  of  this  is  put  beyond  all  reafon- 
able  doubt,  by  the  convulflve  motions  and 
palfies  affeCting  the  rnufcles,  when  the  me¬ 
dulla  cerebri ,  medulla  oblongata  and  fpinalis ,  are 
pricked,  or  any  other  way  irritated  or  com- 
preffed  ;  as  well  as  from  the  obfervation, 
that  animals  lofe  the  power  of  moving  their 

mufcles, 
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mufcles,  as  foon  as  the  nerve  or  nerves  be¬ 
longing  to  them  are  ftrongly  compreffed,  cut 
'  through  5  or  other  wife  deftroved.  Of  this 
many  inftances  might  be  given  :  But  we  fhali 
content  ourfelves  with  mentioning  one,  which 
is  too  ftrong  and  unexceptionable  to  admit 
of  any  evafion.  When  the  recurrent  nerve 
on  one  fide  of  the  larynx  is  cut,  the  voice 
becomes  remarkably  weaker  3  when  both  are 
cut,  it  is  entirely  and  irrecoverably  loft  i.  e . 

the  animal  lofes  all  power  of  moving  the 
mufcles  which  ferve  to  increafe  or  diminifh 
the  aperture  of  the  glottis  3  for  I  prefume  it 
will  be  needlefs  now-a-days  to  go  about  to 
fhew,  that  the  tying  of  thofe  nerves  can  only 
afifedt  the  voice,  by  rendering  thefe  mufcles 
paralytic. 

If  the  brain,  or  feme  part  of  it,  were  not 
in  a  manner  the  fountain  of  fenfation  and  mo¬ 
tion,  and  more  peculiarly  the  feat  of  the  mind 
than  the  other  bowels  or  members  of  the  bo- 

•'  \‘  JL  v  . 

dy  3  why  fhould  a  flight  inflammation  of  its 
membranes  caufe  madnefs,  or  a  fmall  com- 
predion  of  it  produce  a  palfy  or  apoplexy, 
while  a  like  inflammation  of  the  ftomach  or 

liver, 


*  Edinburgh  Medical  EfTays,  vol.  2.  art.  8, 
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liver,  or  a  compreffion  or  obftrudion  of 
thefe  bowels,  have  no  fuch  effects  ?  If  the 
nerves  were  not  immediately  concerned  in 
mufcular  motion,  why,  upon  tying  or  de¬ 
ft  roy  in  g  them,  does  the  member  to  which 
they  are  diftributed,  inftantly  lofe  all  power 
of  motion  and  fenfation  ? - Becaufe  ani¬ 

mals  have  lived  with  a  brain  fo  difeafed,  that 
it  is  difficult  to  conceive  how  it  could  perform 
its  functions,  or  becaufe  monfters  have  been 
born  without  a  head,  which  lived  fome  fhort 
time,  and  had  the  power  of  motion ;  to  con¬ 
clude,  I  fay,  from  hence,  that  the  brain  and 
nerves  in  perfed  animals  are  not  immediately 
neceffary  to  motion  and  fenfation,  is  altoge¬ 
ther  as  abfurd,  as  it  would  be  to  affert,  that 
the  heart  was  not  defigned  to  propel  the  blood 
through  the  body,  becaufe  muffels,  oyfters, 
and  other  animals  of  the  lowed:  clafs,  have 
no  fuch  organ  *,  and  monftrous  foetufes  have 
fometimes  wanted  it  •f',  or  becaufe  we  are 
told  of  a  rat  every  way  healthful,  which  be¬ 
ing  diffeded  was  found  to  have  no  heart  J. 

- - No 

*  Harvey  de  motu  fang,  cap.  17. 

t  Memoires  acad.  fciences  172 0,  edit.  8vo,  p.  16, 

t  Van  Swieten  comment.  inBoerhaav.  aphorifm.  vol,  1, 
p.  256. 
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•No  reafoning  drawn  from  a  few  mon- 
ftrous  cafes,  can  be  fufficient  to  overthrow  a 
doctrine  founded  upon  the  plained:  phenomena 
obferved  in  perfedt  animals,  and  confirmed 
by  almoft  numberlefs  experiments  made  upon 
them.  The  neceflity  therefore  of  the  influ¬ 
ence  of  the  brain  and  nerves  towards  produ¬ 
cing  mufcular  motion,  is  not  to  be  difproved 
by  a  few  rare  inftances  of  offified,  petrified^ 
or  other  wife  morbid  brains  found  in  animals, 
which  feemed  tolerably  healthy,  and  had  the 
motion  of  all  their  mufcles ;  fince  it  is  not 
more  unreafonable  to  fuppofe,  that  the  nerves 
may  derive  a  fluid  from  a  porous  fpungy  of¬ 
fified  brain,  than  that  a  tree  fhould  fpring  out 
of  a  ftone-wall  j  dry  ftone  and  lime  being 
not  lefs  different  from  moiffc  earth,  than  fuch 
an  offified  brain  from  one  in  its  natural  ftate  \ 
nay  the  latter  feems  more  capable  of  affording 
moifture  to  the  nerves,  than  the  former  to 

roots  of  the  tree  *.=> - When  the  brain  is 

wanting, 

*  The  brain  mentioned  by  Duverney ,  in  Memoires  acad. 
des  fciences  1703,  edit.  8vo,  p.318.  &c.  was  not  wholly 
petrified  ;  its  inferior  part  from  which  the  nerves  take  their 
rife,  ffill  retained  its  medullary  form.  And  the  fame  has 
probably  been  the  cafe  of  other  petrified  or  ofiified  brains, 
tho"  perhaps  not  fo  accurately  obferved. 
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wanting,  Nature  may  have  other  ways  than 
we  can  eafily  imagine,  of  fupplying  the  nerves* 
and  of  keeping  them  in  fuch  order,  as  that 
they  may  be  able  in  fome  fort  to  perform  their 
functions. 

The  immediate  caufe  of  mufcular  contra¬ 
ction,  which,  from  what  has  been  faid,  ap¬ 
pears  evidently  to  be  lodged  in  the  brain  and 
nerves,  I  chufe  to  diftinguifh  by  the  terms  of 
the  power  or  influence  of  the  nerves ;  and  if, 
in  compliance  with  cuftom,  I  fhall  at  any  time 
give  it  the  name  of  animal  or  vital  fpirits>  I 
delire  it  may  be  underftood  to  be  without  any 
view  of  afcertaining  its  particular  nature  or 
manner  of  adting  j  it  being  fufficient  for  my 
purpofe,  that  the  exiftence  of  fuch  a  power 
is  granted  in  general,  though  its  peculiar  na¬ 
ture  and  properties  be  unknown  0 

2.  While  the  nervous  power  is  immedi¬ 
ately  neceffary  to  mufcular  motion,  the  arte¬ 
rial  blood  feems  to  aft  only  in  a  fecondary  or 
more  remote  manner. 

Muscles  are  immediately  rendered  paraly¬ 
tic  upon  tying  or  deftroying  the  nerves  diftri- 

B  bated 
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buted  to  them  But  when  the  arteries  be* 
flowed  upon  any  mufcles  are  tied,  the  aftion 
of  thefe  mufcles  is  only  gradually  weakened, 
and  not  totally  abolifhed  till  after  a  confider- 
able  time.  The  ingenious  Dr.  Langrijh  tied 
up  and  cut  afunder  both  the  carotid  and  both 
the  crural  arteries  of  the  fame  dog,  without 
deftroying  the  motion  of  one  mufcle  •fy  and 
Swencke  aflfures  us,  that,  after  having  tied  the 
crural  artery  of  a  dog  clofe  by  the  groin,  the 
animal  continued  to  move  his  leg  and  foot  for 
a  whole  day;  the  fame  experiment  he  repeat¬ 
ed  in  another  animal,  and  did  not  find  that 
the  mufcles  of  the  leg  became  paralytic  till 
this  member  was  almoft  quite  dead  'Tis 
true  indeed,  that,  by  a  ligature  made  on  the 
aorta  immediately  above  its  divifioh  into  the 
iliacs,  the  hinder  limbs  of  a  dog  gradually 
loft  their  motion,  and  became  quite  paralytic 
after  two  minutes  |] :  from  which  it  feems  pro¬ 
bable,  that,  in  the  experiments  of  Langrijh 
and  Swencke ,  the  motion  of  the  mufcles  con¬ 
tinued  longer,  becaufe  they  had  ftill  feme 

blood 

*  Kaau  impet.  faciens,  N<>.  288. 

■f  Cronean  lectures  on  mufcular  motion,  §93. 

%  Hematalog.  p.  8.  See  alfo  Brunner.  de  pancreat  p.  1 88. 
j|  Kaau  impet.  faciens,  N°.  29 1, 
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blood  tranfmitted  to  them  by  lateral  commu¬ 
nicating  branches,  from  arteries  which  were 
not  tied.  But,  on  the  other  hand,  it  is  al- 
ledged,  that  the  tying  the  aorta  renders  the 
mufcles  of  the  legs  paralytic,  not  fo  much  by 
intercepting  the  blood,  as  by  affedting  the 
fpinal  marrow 

However,  from  thefe  experiments,  it 
feems  pretty  clearly  to  follow,  that  the  arte¬ 
rial  blood  no  otherwife  conduces  to  mufcular 
motion,  than  as  it  fupplies  the  veffels  and  fibres 
of  mufcles  with  fluids  proper  for  their  nourifh- 
ment,  gives  them  a  fuitable  degree  of  warmth, 
and  thus  preferves  them  in  fuch  a  flate,  as 
may  render  them  mo  ft  fit  to  be  adted  upon  by 
the  nervous  power.  While  therefore  the  life 
and  nourifhment  of  the  mufcles  are  owing  to 
the  motion  of  the  arterial  blood  through  their 
veffels,  their  power  of  motion  and  fenfation 
proceeds  from  the  nerves  alone. 

3 .  The  mufcles  of  live  animals  are  conftant- 
ly  endeavouring  to  fhorten  or  contradt  them- 
felves.  Hence  fuch  as  have  antagonifts  are 

always 

f  Haller  prim.  lin.  phyfiolog.  N°.  410, 
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always  in  a  ftate  of  tenfion  ;  and  the  folitary 
mufcles,  as  the  fphincters,  and  thefe  whofe 
antagonifts  are  weakened  or  deftroyed,  are  al¬ 
ways  contracted,  except  when  this  natural  con¬ 
traction  is  overcome  by  fome  fuperior  power  * 

\ 

4.  The  natural  contraction  of  the  mufcles 
[3.]  is  owing  partly  to  all  their  veflels  being  di- 
ftended  with  fluids,  which  feparate  and  ftretch 
their  fmalleft  fibres. 

As  a  proof  of  this  ^  the  mufcles  of  animals 
that  are  in  full  health,  and  abound  with  pro¬ 
per  fluids,  retract  themfelves  much  more  re¬ 
markably  towards  each  extremity  when  cut  a- 
crofsf  than  the  mufcles  of  fuch  animals  as  are 
in  a  languiftiing  ftate,  and  exhaufted  of  their 
fluids ;  befides  that,  foon  after  death,  mufcles 
become  flaccid,  and,  when  cut  tranfverfely, 
retract  themfelves  but  little. 

But,  2.  the  natural  contraction  of  the  mu¬ 
fcles  is  in  a  great  meafure  to  be  afcribed  to  the 
influence  of  the  nerves,  which  is  perpetually 
operating  upon  them,  though  in  a  very  gen¬ 
tle  manner:  and  that  to  this  is  chiefly  owing 
the  conftant  contraction  of  the  fphincters,  and 
the  tenfion  of  fuch  mufcles  as  are  balanced 

by 
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by  antagonifts,  the  palfy  affefting  the  fphin- 
fters  as  foon  as  their  nerves  are  compreffed  or 
deftroyed,  and  the  conftant  contraction  of  fuch 
mufcles  whofe  antagonifts  are  deprived  of  the 
nervous  power,  evidently  demonftrate. 

Because  the  heart,  and  other  mufcles  of 
animals,  often  continue  to  move  for  fome  time 
after  they  are  feparated  from  their  bodies,  and 
confequeritly,  after  all  communication  be¬ 
tween  them  and  the  brain  is  cut  off,  fome 
have  thought  the  contraction  of  the  mufcles 
not  owing  fo  much  to  the  nervous  influence, 
as  to  fome  latent  property  in  their  fibres; 
with  what  juftice  will  afterwards  appear 
But  we  may  obferve  in  this  place,  that,  unlefs 
the  brain  and  nerves  were  in  an  efpecial  man¬ 
ner  concerned  in  the  motion  of  the  mufcles, 
it  would  be  difficult  to  conceive  why  in  ani¬ 
mals  newly  killed,  an  irritation  of  the  medulla 
oblongata  fhould  caufe  more  violent  convul- 
fions  of  the  mufcles,  than  an  irritation  of  the 
mufcles  themfelves  -f, 

.  y 

5.  The  natural  contrailion  of  the  mufcles 

[3.  and  4.] 

*  Vid.  below.  Sect.  x.  and  xii. 

t  Kaau  impet.  faciens,  N°  <?o.  &  ???.  and  Sedt.  xiiL 
N°  26.  of  this  Eflav. 
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[  3.  and  4.]  ariling  from  the  conftant  and  e - 
quable  aCtion  of  the  nervous  power  on  their 
fibres,  and  of  the  diftending  fluids  on  their 
veffels,  is  very  gentle,  and  without  any  fuch 
remarkable  hardnefs  or  fwelling  of  their  bel- 
lies  as  happens  in  mufcles  which  are  contract¬ 
ed  by  an  effort  of  the  will.  And  although 
the  fphinCters  and  thofe  mufcles  whofe  anta- 
gonifts  are  paralytic  or  hindered  from  aCting, 
do  always  remain  in  a  ftate  of  contraction ; 
yet  at  any  time,  by  an  effort  of  the  will,  they 
can  be  much  more  ftrongly  contracted.  5Tis 
fomewhat  ftrange  that  Dr.  Stuart  fhould  have 
been  fo  far  miftaken,  as  to  affert,  that  the 
mind  has  no  manner  of  power  over  fuch 
mufcles  as  are  deflitute  of  antagonifts ;  not 
only  that  it  cannot  unbend  them,  which  is 
allowed  by  all,  but  alfo  that  it  cannot  make 
them  contract  more  ftrongly  *  5  for  every 
one  muft  be  fatisfied,  that  though  the  fphin - 
Ber  ani  is  naturally  in  a  conftant  ftate  of  con¬ 
traction,  yet  he  can  at  pleafure  make  it  con¬ 
tract  more  ftrongly  ;  and  though  the  biceps 
flexor  cubiti  contracts  and  fwells  upon  the 
arm's  being  bent  by  an  external  force,  even  in 

fpite 

*  DifTertatio  demotu  mufculari,  p.  22.  23.  and  77. 
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fpite  of  any  effort  of  the  will  to  the  contrary, 
yet  any  one,  if  he  pleafes,  can  make  it  fwell 
more,  grow  much  harder,  and  contract  itfelf 
with  vaftly  greater  force.  But  into  what 
miftakes  may  not  a  preconceived  favourite 
theory  betray  the  beft  of  men  ! 

From  what  has  been  juft  now  advanced, 
it  follows,  that  it  is  not  neceffary,  in  order  to 
the  mind’s  adting  upon  the  mufcles,  that  they 
fhould  be  ftretched  or  extended  beyond  that 
length  to  which  they  would  naturally  reduce 
themfelves,  if  not  prevented  by  the  adtion  of 
their  antagonifts. 

6.  As  often  as  the  influence  of  the  nerves 
is  determined  into  the  mufcles  fo  as  to  operate 
more  powerfully  on  them,  they  are  excited 
into  ftronger  contradlions  which  are  not  natu¬ 
ral,  and  therefore  may  be  called  violent 
This  extraordinary  determination  of  the  ner¬ 
vous  influence,  may  be  owing  either  to  the 
power  of  the  will,  or  to  a  flimulus . 

7.  Voluntary  contradlion  is  owing  to  the 
ftronger  adtion  of  the  nervous  influence  upon 
any  mufcle,  excited  by  the  power  of  the  will. 

8.  A 
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8.  A  jlimulus ,  or  any  thing  irritating,  applied 
to  the  bare  mufcles  of  live  animals,  immedi¬ 
ately  excites  them  to  contract  themfelves. 
This  appears  from  numberlefs  experiments 
and  obfervations ;  and  is  equally  true  with  re- 
fpeCt  to  the  mufcles  of  voluntary  and  invo¬ 
luntary  motion. — The  mufcles  of  a  live  frog, 
when  laid  bare  and  pricked  with  a  needle,  are 
ftrongly  convulfed. — A  folution  of  white  vi¬ 
triol  no  fooner  touches  the  internal  furface  of 
the  ftomach,  than  this  bowel  is  brought 
into  convuliive  contractions. — Smoke  of  to¬ 
bacco  or  acrid  clyfters  injeCted  by  the  anus , 
bring  convuliive  motions  on  the  great  guts. — • 
Pricking  the  inteftines  or  heart  of  a  living  a- 
nimal,  or  applying  any  acrid  fluid  to  them, 
remarkably  increafes  their  contraction  — — > 
Many  other  inftances  might  here  be  given 
of  the  effeCts  of  ftimuli  on  the  mufcles  of  a- 
nimals  ;  but  thefe  may  fuffice,  as  we  fhall 

have 

*  Harvey ,  fpeaking  of  the  pun  Slum fallen  or  heart  of 
the  chick  in  the  fhell,  fays, Vidi  faepiilime'ab  acus,  ftyli, 
46  aut  digiti  contadtu,  imo  vero  a  calore  aut  frigore  vehe~ 
mentiore  admoto,  aut  cujuflibet  rei  moleftantis  occurfu 
pundtum  hoc,  pulfuum  varias  permutationes,  idtufque 
tc  validiores  ac  frequentiores  edidiffe.”  De  generations 
animal,  exercitat.  17. 
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have  occafion  to  treat  of  this  matter  more  ful¬ 
ly  afterwards. 

Whatever  diftraCts  the  fibres  of  any 
mufcle,  or  ftretches  them  beyond  their  ufual 
length,  excites  them  into  contraction  almoft 
in  the  fame  manner  as  if  they  had  been  irri¬ 
tated  by  a  fharp  inftrument,  or  acrid  liquor. 
Thus  the  motion  of  the  heart  in  pigeons 
newly  dead,  is  as  remarkably  renewed  or  in- 
creafed  by  drawing  the  fides  of  the  divided 
thorax  afunder,  and  confequently  ftretching 
the  great  vefiels  to  which  the  heart  is  attach¬ 
ed,  as  by  pricking  its  fibres  with  a  pin 
In  luxations,  mufcles,  by  being  over  ftretch- 
ed,  are  often  convulfed  ;  and  the  vefica  uri¬ 
naria  and  intejlinum  reBtum ,  are  not  only  ex¬ 
cited  into  convulfive  contractions  by  the  a- 
crimony  of  the  urine  and  faces ,  but  alfo  by 
their  bulk  and  weight  ftretching  the  fibres  of 
thefe  hollow  mufcles 

9*  In  proportion  as  the  fiimtlus  is  more  or 
lefs  gentle,  fo  f  ceteris  paribus)  is  the  contra¬ 
ction  of  the  mufcle  to  which  it  is  applied. 

C  The 

*  Vicl.  infra^  Se£fc.  xii.  N°  16.  and  17, 
f  Vid.  Infra ,  Se&.  v.  ' 
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The  truth  of  this  propofition5  like  the  for¬ 
mer,  is  not  only  proved  by  experience,  but 
may  be  deduced  from  reafon  alone  ;  for  if 
the  irritation  is  to  be  confidered  as  the  caufe, 
and  the  fubfequent  contraction  of  the  mufcle 
as  the  effect ;  then,  in  proportion  as  the 
caufe  is  increafed  or  diminifhed,  fo  mu  ft  be 
its  effeCt.*^— —  The  motions  occafioned  by 
ftretching  the  fibres  of  any  mufcle  will  be 
greater  or  lefs,  as  the  mufcle  is  more  or  lefs 
ftretehed;  unlefs  it  be  fo  far  extended,  as 
quite  to  lofe  its  tone,  and  become  paralytic. 

- — It  defer ves  however  to  be  obferved,  that  the 
effects  of  different  Jlimuli  depend  very  much 
upon  the  peculiar  conftitution  of  the  nerves 
and  fibres  of  the  mufcies  to  which  they  are 
applied  :  Thus  what  will  prove  a  ftronger  ftt- 
tnulus  to  the  nerves  of  one  part,  will  more 
weakly  affeCt  thofe  of  another,  and  vice  verfa* 

xo.  An  irritated  mufcle  does  not  remain  in 
a  contracted  ftate,  although  the  ftimulating 
caufe  continues  to  aCt  upon  it  ;  but  is  alter¬ 
nately  contracted  and  relaxed. 

Thus  the  Jiitnulus  of  an  emetic  received 
into  the  ftomach,  does  not  caufe  a  conti¬ 
nued 
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%  \  .  i,  ' 

nued  contraction  of  its  mufcular  coat ;  and 
an  irritation  of  the  lower  extremity  of  the 
gullet,  is  followed  by  alternate  convulfions  of 
the  diaphragm.  The  heart  of  a  frog  or  eel 
taken  out  of  the  body,  continues  its  alternate 
motions  while  a  needle  is  fixed  in  it.  When 
the  heart  or  other  mufcular  parts  of  dying 
animals  ceafe  to  move,  heat  will  renew  their 
contraction,  which  is  regularly  alternate,  al¬ 
though  the  Jiimulm  be  unvaried  :  After  the 
auricle  of  a  pigeons  heart  had  ceafed  to  move, 

I  made  it  renew  its  alternate  contractions,  by 
filling  the  thorax  with  warm  water  and  af¬ 
ter  the  vibrations  of  a  frog’s  heart  had  begun 
to  languish,  they  recovered  their  former  vi¬ 
gour  and  quicknefs,  by  expofing  it  to  the 
heat  of  a  fire. 

When  mufcles  have  been  long  in  action, 
or  too  highly  trained,  the  member  to  which 
they  belong  is  obferved  to  be  affected  with  a 
tremor ,  which  often  lafts  for  a  confiderable 
time ;  i.  e.  thefe  mufcles  are  agitated  with 
fmall  alternate  contradtions  and  relaxations, 
notwithftanding  the  ftimulating  caufe  conti¬ 
nues  prefent  with  them. 

It, 

*  Sect.  xiii.  N°  15.  of  this  Eflay. 
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It  might  perhaps  be  imagined  a  priori , 
that  a  mufcle  ought  to  remain  contracted  as 
long  as  the  Jiimulus  or  caufe  of  its  contraction 
continues  to  aCt  upon  it :  but  the  fact  we  fee 
is  otherwife  ;  and  the  reafon  of  it  fhall  be  ex~= 
plained  afterwards  There  are  indeed  a 
few  inftances  of  mufcles  which  are  not  alter¬ 
nately  relaxed,  but  remain  uniformly  con¬ 
tracted  as  long  as  the  ftimulating  caufe  conti¬ 
nues  to  act  with  the  fame  degree  of  force, 
fuch  as  the  orbicular  mulcle  of  the  uvea,  and 
fome  others ;  the  reafon  of  which  fhall  alfo 
be  affigned  below 

1 1.  Irritated  mufcles  are  not  only  agi¬ 
tated  with  alternate  motions  while  the  ftimu¬ 
lating  caufe  continues  to  act  upon  them,  but 
alfo  for  fome  time  after  it  is  removed  ;  though 
they  become  gradually  weaker,  and  are  re¬ 
peated  more  (lowly.  If  the  irritation  be  great, 
thefe  alternate  motions  laft  longer,  and  follow 
one  another  more  quickly;  if  weaker,  they 
are  repeated  after  longer  intervals,  and  fooner 
ceafe  ;  if  extremely  gentle,  and  the  mufcle 
/  ;  not 

*  Seel.  near  the  end. 
f  Ibid. 
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not  very  fenfible,  perhaps  only  a  Angle  con¬ 
traction  or  two  will  enfue  [9.]. 

Some  of  the  fibres  of  the  platyfma  myoidcs 
which  were  differed  off  with  a  tumor,  have 
been  obferved  to  palpitate  like  the  heart  of  a 
dying  animal  for  a  confiderable  time  ;  and 
the  fame  motions  have  been  often  obferved 
in  the  mufcles  of  brute  animals,  when  their 
fibres  were  irritated  after  their  feparation  from 
the  body 

The  heart  of  an  animal  newly  killed,  is 
excited  into  motion  by  blowing  upon  it,  or 
touching  it  with  the  point  of  a  pin  ;  and  this 
motion  often  lafts  a  great  while,  although  the 
flimidm  is  not  renewed.  After  a  pigeon's 
heart  had  ceafed  to  move,  its  vibrations  were 

A 

not  only  renewed  by  drawing  afunder  the 
fides  of  the  divided  thorax ,  but  continued  for 
a  confiderable  time  'f. 

12.  The  motions  of  mufcles  from  a  ftimn- 
lus  are  quite  involuntary. 

Every  one  muft  be  fenfible  of  the  truth 
of  this  aflertion,  who  has  ever  felt  any  of 

thole 

*  Vid.  Sea.  xiii.  N®  3. 

|  Sea.  xiii.  N°  16.  5c  17. 
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fchofe  fmall  convulfions  or  pulfatory  contra¬ 
ctions,  which  frequently  happen  in  different 
parts  of  the  body,  and  which  feem  to  be  ow¬ 
ing  to  fome  irritation  of  the  fibres  or  mem¬ 
branes  of  the  mufcle  contracted,  either  from 
acrid  particles  in  the  fluids  irritating  their  fen- 
fible  nerves,  or  from  too  great  a  diftenfion  of 
their  tender  veffels  by  the  ftagnation  of  the 
circulating  fluids.  The  mufcles  called  accele¬ 
rates  urince ,  though  at  other  times  entirely 
under  the  power  of  the  yyill*  yet  while  the 
femen  continues  to  be  poured  into  the  begin?- 
ning  of  the  urethra ,  are  agitated  with  ftrong 
convulfive  contractions,  which  we  can  neither 
increafe  nor  prevent — When  the  tendinous 
fibres  of  the  obliquus  inferior  of  the  eye,  or 
of  any  other  of  its  mufcles,  are  gently  ftimu- 
lated  with  the  point  of  a  file,  the  alternate  con¬ 
tractions  which  enfue,  arc  altogether  involun¬ 
tary,  and  can  neither  be  accelerated,  retarded, 
augmented,  nor  diminifhed  by  the  power  of 
the  will.  The  fame  thing  is  true  of  the  mo¬ 
tions  of  the  flomach  and  diaphragm.,  excited 
by  emetics.  From  which  it  follows  that, 

13. The  power  of  jlimuli in  exciting  the  mu¬ 
fcles 
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fcles  of  living  animals  into  contraction,  is 
greater  than  any  effort  of  the  will. 

The  truth  of  this  is  ftill  further  confirmed, 
by  the  following  obfervation.  A  man  aged  25, 
who,  from  a  palfy  of  twelve  years  continu¬ 
ance,  had  loft  all  power  of  motion  in  his  left 
arm,  after  trying  other  remedies  in  vain,  at 
laft  had  recourfe  to  electricity ;  by  every  fhock 
of  which  the  mufcles  of  this  arm  were  made 
to  contract ;  and  the  member  itfelf,  which 
was  very  much  withered,  after  having  been 
electrified  for  fome  weeks,  became  fenfibly 
plumper. —  If  then  the  voluntary  mufcles 
can,  even  in  a  palfied  ilate,  be  excited  into  con¬ 
traction  by  the  aCtion  of  a  Jlimulus  on  their  fi¬ 
bres,  it  follows,  that  when  this  is  applied  to 
them  in  a  found  and  more  fenfible  Hate,  any 
effort  of  the  will  to  prevent  their  contraction* 
mu  ft  be  vain  and  impotent. —  Hence  the  mu¬ 
fcles  of  voluntary  as  well  as  of  involuntary 
motion  ceafe  to  be  under  the  power  of  the 
will,  while  their  fenfible  fibres  or  membranes 
are  irritated  by  a  Jlimulus. 

14.  There  are  therefore  three  kinds  of 
contraction  obfervable  in  the  mufcles,  all  of 

them 
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them  different  from  each  other,  viz.  natural 
[4.  and  5.],  voluntary  [7.],  and  involuntary, 
from  a  fiimulus  [8.  9.  10.  11.  12.  13.].  The 
lirft  is  very  gentle,  equable  and  continued, 
and  is  owing  to  the  caufes  mentioned  N°  4. 
The  fecond  proceeds  from  the  immediate 
power  of  the  will,  is  always  ftronger,  and 
may  be  continued  for  a  longer  or  fhorter  time, 
or  performed  with  more  or  lefs  force,  as  one 
pleafes.  The  third  is  ftrong,  but  fuddenly 
followed  by  a  relaxation,  feems  to  be  a  necef- 
fary  confequence  of  the  aCtion  of  the  Jiimu - 
luSy  upon  the  mufcle,  and  cannot  be  affeCted, 
either  as  to  its  force  or  continuance,  by  the 
power  of  the  will. 

15.  The  natural  contraction  above  explain¬ 
ed,  is  what  we  obferve  in  the  fphinCters  and 
mufcles  deftitute  of  an t agon  iff  s. 

j6.  While  the  fphinCters  of  the  anus  and 
bladder,  and  thofe  mufcles  whofe  antagonifts 
are  deftroyed,  remain  always  in  a  ftate  of  con¬ 
traction,  and  while  fuch  mufcles  as  have  an¬ 
tagonifts,  are  kept  in  equilibrioy  or  without 
any  motion,  except  when  the  will  interpofes  ? 


other  I  &  voluntary  Motions. 


H 

the  heart,  which  has  no  proper  antagonift, 
is  alternately  contracted  and  dilated,  without 
our  being  able,  by  any  effort  of  the  will,  di- 
reCtly  to  hinder  or  promote  its  motions. 

17.  The  contraction  of  the  heart  is  there¬ 
fore  not  only  involuntary,  but  of  a  different 
kind  from  that  of  the  fphinClers  and  mufcles 
deprived  of  antagonifts  ;  and  feems,  as  to  its 
phenomena,  to  agree  with  the  contraction  of 
mufcles  from  a  Jiimulus.  [14.] 

*  '  :  ^  v  .  f  '  - 

18.  The  mind  may,  by  difufe,  not  only  lofe 
its  power  of  moving  even  the  voluntary  mu¬ 
fcles,  except  in  a  particular  way,  but  alfo  of 
exciting  them  into  contraction  at  all.  Of  the 
former  we  have  an  example  in  the  uniform 
motions  of  the  eyes ;  and  of  the  latter  in  the 
mufcles  of  the  external  ear,  and  of  fuch 
members  as  have  remained  long  without  mo¬ 
tion. 
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S  E  C  T.  II. 

^  examination  of  the  opinions  of  feme  of  the 
moft  c'onfiderable  authors  concerning  the  motion 
of  the  heart . 

.  ■  •  -  ,  •  -  -*>  r  *•  \  '  '  t  i  i  -  i  ’ 

.  •  ’  .  '  .  ,  ‘  .  lr*  .  »  j*  .  •  i 

?  »  •  ■.  A  •  V  «  -  '  ■-  v  *  "  '  -  ‘  ....  »  " 

IT  feems  to  have  been  the  prevailing  opinion 
among  many  o£  the  antient  Phyficians, 
that  the  motion  of  the  heart  was  owing  to  a 
vital  principle  particularly  refiding  in  it.  Ga¬ 
len  thought  motion  as  natural  to  the  heart,  as 

reft  to  the  other  mufcles.— Des  Cartes ,  much 

\ 

lefs  verfed  in  Phyfiology  than  in  Mathema¬ 
tics,  attributed  the  motions  of  this  organ 
wholly  to  the  ebullition  of  the  blood  dropping 
into  its  ventricles  ;  and  contended,  that  this 
fluid  was  not  puflhed  into  the  arteries  by  the 
mufcular  contraction  of  the  heart,  but  that 
it  forced  its  way  into  them  by  its  own  explo- 

five  power. - -After  Harveys  dodtrine  of 

the  circulation  was  fully  eftablifhed,  the  heart 
was  allowed  to  be  a  mufcle,  and  its  fyftole  to 
be  analogous  to  the  contraction  of  other  mu¬ 
fcles  ;  the  vital  fpirits  of  the  nerves  were  fup- 
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pofed  to  flow  alternately  into  its  fibres;  either 
on  account  of  valves,  which  by  turns  admit¬ 
ted  and  denied  them  a  paflfage;  or  becaufe  it 
was  thought  that  the  fpirits  could  only  be 
difeharged  by  drops,  and  not  in  an  equable 
flream,  from  the  extremities  of  .  fuch  fubtile 
tubes  as  the  nerves  fi 

Various  other  hypothefes  were  framed  to 
explain  the  alternate  motion  of  the; -heart -$  a 
problem  not  lefs  difficult  than  curious !  Thefe 
I  fhall  pafs  ,over  in  filence,  leaving  them  to 
fall  by  their  own  abfurdity,  or  the  arguments 
of  others  *  and  content  myfelf  with  mention¬ 
ing  the  defeats  of  fome  of  the  latter  fyflems, 
which,  from  their  plaufibility,  or  the  high 
character  of  their  authors,  are  intitled  to  the 
.greatefl  regard. 

The  theory  of  the  hearts  motion,  which 
has  of  late  years  met  with  the  moft  favour¬ 
able  reception,  is  that  of  the  celebrated  Boer* 
haave^  who  deduces  the  alternate  fyftole  and 
diaftole  of  this  mufcle,  chiefly  from  the  pe^ 
culiar  circumflances  of  the  cardiac  nerves 
for  as  much  the  greatefl  part  of  thefe  nerves 
paffes  between  the  auricles  and  large  arteries 

of 


*  BorelL  de  mot.  animal!  lib.  1 1.  cap.  6.  prop.  79. 
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of  the  heart,  he  concluded  that  they  muft  be 
comprefled  at  the  end  of  every  fyjiole ,  when 
thefe  cavities  and  veifels  are  greatly  diftended 
with  blood;  whence  the  motion  of  the  fpirits 
being  intercepted,  the  heart  muft  be  render¬ 
ed  paralytic  ;  but  that  whenever,  upon  the 
fubfequent  contra&ion  of  the  auricles  and  ar¬ 
teries,  this  compreffion  ceafes,  and  the  nerves 
tranfmit  their  fluid  as  formerly,  the  heart  muft 
contract  anew  *.■ 

This  hypothecs,  however  ingenious,  will 
appear  altogether  infuffieient,  if  we  imparti¬ 
ally  attend  to  the  following  confideratioiis. 

i.  All  the  cardiac  nerves  don't  pafs  be¬ 
tween  the  auricles  and  arteries.  Not  to  men¬ 
tion  many  fmaller  ones,  there  are  two  very 
confiderable  branches  from  the  par  vagum  di~ 

ftributed  to  the  mufcular  fubftance  of  the 
heart,  which  neither  pafs  between  the  two 

auricles,  nor  the  two  arteries,  nor  between 
the  auricles  and  arteries,  and  therefore  can¬ 
not  be  liable  to  any  alternate  compreffion 
from  them  •f. 

2.  I 

*  Inftitut.  med.  &cr.  409 

t  vi d.  Lower,  de  corde,  edit-  Lugdun,  Batav,  n.  jf8„ 
tab,  A.  lit.  II.  ;  ’  ■  '  1  ' 
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2.  I  believe  it  will  be  difficult  to  perfuade 
unbiaffed  inquirers,  that  the  nerves  (fuppo* 
fing  they  all  had  their  courfe  between  the 
auricles  and  arteries)  can  fuffer  any  fuch 
compreffion  as  is  here  required  ;  confidering 
the  foftnefs  of  the  parts,  and  the  fat  upon 
the  external  coat  of  the  arteries  and  auricles 
which  may  well  be  imagined  to  defend  them 
in  a  great  meafure  from  it :  befides  it  is 
ftrange  that  we  don't  obferve  other  mufcles 
of  the  body  become  alternately  or  conflantly 
paralytic,  whofe  nerves  run  contiguous  to  any 
considerable  artery,  or  are  compreffed  by  any 
preternatural  tumor.  ^ui  Jit ,  obfecro ,  fays  the 
accurate  Morgagni ,  ut  nervi  intercojlalis  mi¬ 
ner  a  ab  ajjidua  ar  ter  ice  carotidis  pulfatione  non 
turbentur ,  prcefiertim  cum  is  nervus  non  pofiit 
cedere ,  fed  communis  ipfi ,  &  art er ire  cffei  fo¬ 
ra  minis  parietibus  allidatur  ?  £>ui  fieri  poffiet , 
ut  in  Veneta  ?nuliere ,  quam  cum  amicis  dijfiecui- 
musy  cum  art er ice  fiubclavice  fimiftrce  fuperiores 
pojlicique  parietes  in  aneurifima  cxpanjiy  duos 
trefive  nervos  ex  iis  qui  ab  infer ioribus  cervicis 
vert  e  hr  is  ad  brachium  deficendmity  nulla  prorfius 
interpojita  re  contingerent ;  qui  fieri ,  inquam> 
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pojfet ,  ut  nulla  tamen  debilitas,  nullus  torpor  in 
eo  brachio  fuevit  animadverfus  *  ? 

Why  are  not  all  the  mfcera  in  the  abdo¬ 
men,  to  which  the  intercoftai  nerves  are  dif- 
tributed,  agitated  with  alternate  contractions 
anfwering  to  thofe  of  the  diaphragm,  fince 
ihefe  nerves,  by  paffing  through  the  flelhy 
part  of  this  mufcle,  muft  be  liable  to  com- 
preffion  every  time  infpiration  is  performed  ? 
And  why  do  not  many  of  the  voluntary  mu- 
fcles,  when  ftrongly  contracted,  caufe  palfies 
or  ftupors  of  the  parts  below  them,  by  pref- 
fing  upon  the  nerves  to  which  they  are  con¬ 
tiguous  ? 

-o'. .  v.\ yy'.uVio  v;-  -r  4 .  "  -  . . 

3.  It  is  to  be  remarked,  that  a  flight  com- 
preffion  of  a  nerve  is  not  fafficient  to  render 
the  mufcle  it  ferves  paralytic  :  thus  the  ulnar 
nerve  muft  be  pretty  ftrongly  compreffed  a- 
gainft  a  hard  bone,  before  the  ring  and  little 
fingers  are  deprived  of  their  power  of  mo¬ 
tion  ;  nor  does  this  happen  without  being  at¬ 
tended  with  a  difagreeable  fenfation  in  thefe 
parts. 

4.  As 

*  Morgagni  adverfar.  anat  vi.  animad.  24. 
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4.  As  the  compreffion  of  the  ulnar  nerve 
does  not  immediately  bring  a  palfy  on  the 
mufcles  of  the  fingers  now  mentioned,  but 
after  it  has  been  continued  for  fome  confider* 
able  time  ;  fo  when  this  preffure  is  removed, 
the  motion  of  thefe  mufcles  does  not  return 
immediately  and  all  at  once,  but  by  degrees, 
and  not  till  after  fome  time  :  wherefore,  al- 
lowing  the  cardiac  nerves  were  alternately 
compreffed  by  the  auricles  and  arteries,  yet 
the  heart  ought  not  to  be  rendered  inftantly 
paralytic  by  fuch  compreffion,  nor  Ihould 
immediately,  upon  its  ceafing,  recover  its 
motion.  But  further, 

5.  Granting  the  cardiac  nerves  fuffer- 
ed  as  great  compreffion  in  their  paffage  be¬ 
tween  the  auricles  and  arteries  to  the  heart, 
as  the  advocates  for  this  opinion  could  defire  ; 
what  will  follow  ?  an  effed  furely  altogether 
different  from  that  which  is  here  contended 
for  ;  fince  the  immediate  confequence  of  fuch 
compreffion  muff  be  the  fqueezing  forward 
towards  the  heart,  the  fpirits  fuppofed  to  be 
contained  in  that  portion  of  the  nerves  which 
is  below  where  the  compreffion  is  made.  If 

then 
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then  the  nerves  are  hollow  tubes  which  con¬ 
vey  a  fluid  to  the  heart  in  order  to  its  con- 
tradtion,  the  firfl:  and  mofl:  immediate  efFedt 
of  their  being  comprefled  by  the  dilatation 
of  the  auricles  and  arteries,  mufl:  be  a  quick¬ 
er  propulfion  and  more  copious  derivation  of 
the  fpirits  into  its  fibres;  u  e.  the  heart  ought 
to  be  mofl:  ftrongly  contracted,  at  the  time  its 
diaftole  is  obferved  to  begin.  And  in  fadt 
we  find,  that  a  ligature  made  on  the  par 
vagum  is  fo  far  from  rendering  the  heart  im¬ 
mediately  paralytic,  and  preventing  its  con¬ 
traction,  that  it  caufes  fixong  convulfive 
motions  or  palpitations  of  this  mufcle. 


6.  This  fuppofed  alternate  comprefiion  of 
the  cardiac  nerves  by  no  means  accounts  for 
the  motion  of  the  auricles,  whofe  fyflole  hap¬ 
pens  when  their  nerves  ought  to  be  compref- 
fed,  and  confequently  when  the  derivation  of 
the  fpirits  into  them  fliould  be  intercepted.  If 
it  be  faid,  that  the  auricles  are  ready  to  con- 
tradt  when  th zfyftole  of  the  ventricles  begins, 
but  that,  being  weaker  mufcles,  they  muffc 
wait  till  this  is  over  *  ?  I  anfwer,  that  then, 

during 

*  Beilin .  de  motu  cord.  prop.  2.  Keil’s  anatomy  cap.  j, 
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during  the  contraction  of  the  ventricles,  the 
auricles  fhould  become  pale  and  tenfe ; 
fince,  when  the  influence  of  the  nerves  is 
copioufly  determined  into  any  mufcle,  it  be¬ 
comes  equally  hard,  whether  it  be  allowed 
to  contract,  and  its  extremities  to  approach 
each  other,  or  not.  But  further,  as  an  in¬ 
flux  of  fpirits  into  the  fibres  of  any  mufcle, 
muft  be  immediately  followed  by  an  en¬ 
deavour  in  them  to  contrad,  fo  if  this  be 
prevented,  as  foon  as  the  fpirits  are  again  in¬ 
tercepted,  their  influence  to  produce  any 
contraction  will  ceafe,  This  is  evidently  the 
cafe  with  fuch  mufcles  as  are  under  the 
power  of  the  will,  where  any  hidden  but  not 
continued  effort,  if  it  is  not  allowed  that  in- 
ftant  to  take  effeCi,  immediately  vanishes ;  nor 
is  it  to  be  doubted,  that  the  fame  thing  muff 
happen  to  the  auricles  of  the  heart.  But,  be 
this  as  it  will,  it  is  evident,  that  the  alternate 
motions  of  the  auricles  cannot  be  owing  to  a- 
ny  compreflion  of  their  nerves ;  fince  it  is  ac¬ 
knowledged,  by  the  beft  Anatomifts,  that  the 
courfe  of  thefe  nerves  is  fuch,  as  cannot  fub- 
jeCt  them  to  any  alternate  preffure  *5  which 

E  is 

Lower  decorde,  p.  18.  tab.  A.  lit.II, 
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is  alio  true  of  ail  the  cardiac  nerves  in  thofe  a-* 
nimals  whofe  hearts  have  only  one  ventricle. 

7.  In  dying  animals,  the  right  ventricle 
continues  to  contract  after  the  left  one  has  cea- 
fed,  and  the  right  auricle  performs  its  motions 
for  feme  time  after  its  ventricle  *.  Thefe  al¬ 
ternate  motions  of  the  right  ventricle  and  au¬ 
ricle  cannot,  however,  poffibly  arife  from  any 
compreffion  of  their  nerves ;  fince,  in  the  firft 
cafe,  neither  the  aorta  nor  left  auricle  are  di¬ 
lated  with  blood  at  the  end  of  the  fyftole  of 
the  right  ventricle ;  and  in  the  latter,  the 
pulmonary  artery  alfo  remains  empty.  Fur¬ 
ther,  the  hearts  of  many  animals,  after  be¬ 
ing  feparated  from  their  bodies,  continue  for 
fome  time  to  be  alternately  contracted  and  re¬ 
laxed  with  great  regularity,  when  there  can 
be  no  alternate  compreffion  to  intercept  the 
nervous  influence  at  the  end  of  every  fyftole . 

8.  Lastly,  It  may  well  be  looked  upon  as 
a  defeCt  of  this  theory  of  the  heart’s  motion, 
that  it  does  not  any  way  affift  us  in  explaining 
the  fpontaneous  aCtion  of  other  organs  in  the 

body, 

'  J.  * 

%  Harvey  de  mot,  cord,  et  fang,  cap,  4. 
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body,  whofe  nerves  cannot  with  any  colour 
of  reafon  be  fuppofed  liable  to  an  alternate 
compreffion. 

Some  have  imagined,  that,  as  the  interco- 
ftal  nerves  pafs  through  the  fame  holes  of  the 
cranium  with  the  carotid  arteries,  they  muft 
therefore  fuffer  fuch  compreffion  from  the 
diajlole  of  thefe  arteries,  as  ffiall  render  the 
heart  paralytic  at  the  end  of  every  fyftole .  In 
anfwer  to  which,  it  may  be  fufficient  to  alk, 
wdiy  the  other  mufcles  and  vifcera  which  re¬ 
ceive  nerves  from  the  intercoftals,  do  not  ex¬ 
actly  correfpond  with  the  heart  in  their  moti¬ 
ons  ;  or  why  the  auricles  and  ventricles  of  the 
heart  are  not  contracted  and  relaxed  at  the 
fame  time  ? 

The  learned  De  Gorter ,  fully  aware  that  the 
fuppofed  alternate  compreffion  of  the  cardiac 
nerves  afforded  no  fatisfadtory  account  of  the 
motions  of  the  heart,  fuppofes  that  vital  or 
involuntary  motion  is  owing  to  one  and  the 
fame  caufe,  both  in  the  heart  and  other  organs 
of  the  body :  this  caufe  he  imagines  to  be  fuch 
a  ftruChire  of  the  involuntary  mufcles,  that, 
when  their  fibres  are  dilated  by  the  fpirltsa 
the  fmall  nerves  which  pafs  between  them  are 

compreiied ; 
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compreffed  ;  fo  that  no  fooner  are  the  fibres 
inflated,  than  the  fpirits  are  intercepted,  and 
confequently  the  mufcle  begins  to  be  relaxed; 
but  this  relaxation  of  the  mufcular  fibres,  free¬ 
ing  the  nerves  from  compreflion,  the  fpirits 
are  tranfmitted  as  formerly,  and  the  mufcle  is 
contradted  anew.  And  in  this  manner  he  fan¬ 
cies  that,  as  long  as  life  remains,  the  mufcles 
of  inyoluntary  motion  muft  be  alternately  con¬ 
tracted  and  relaxed  But, 

x.  Not  to  infift,  that  this  ftrudture  of  the  vi¬ 
tal  organs  is  entirely  hypothetical,  and  unfup- 
ported  by  any  experiment,  or  microfcopical 
obfervation ;  it  may  be  afked,  why  all  the  vi¬ 
tal  organs  are  not  contradted,  and  relaxed  at 
the  fame  inftant;  or  at  leaft  why  the  motions 
of  fome  are  renewed  after  fix  or  ter,  of  others 
after  longer  intervals  ? 

2.  If  fuch  were  the  ftrudture  of  the  mu¬ 
fcles  of  fpontaneous  motion,  that  their  con¬ 
traction  muft  be  immediately  followed  by  their 
relaxation,  how  comes  it,  that,  by  an  effort 
of  the  will,  we  can  keep  the  diaphragm  in 

its 


*  Gorier  de  motu  vital i,  feet.  39. 
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its  ftrongeft  ftate  of  contraction,  a$  long  as 
we  pleafe  ?  and  why  does  not  the  relaxation 
of  this  mufcle  neceffarily  follow  its  contra¬ 
ction,  if  its  alternate  motions  depend  on  a  ge¬ 
neral  ftruCture,  common  to  it  with  the  heart 
and  inteftines  ? 

3 .  In  cafes  where  the  lungs  are  obftruCted 
and  refpiration  is  rendered  difficult,  we  find, 
that,  even  in  time  of  fleep,  other  mufcles 
belides  the  common  infpiratory  ones  are 
brought  into  alternate  contractions,  in  order 
to  raife  the  ribs,  and  enlarge  the  cavity  of 
the  thorax ;  whence  it  appears,  that  mufcles 
of  the  voluntary  kind  may,  on  certain  occa¬ 
sions,  be  employed  in  the  performance  of 
the  vital  motions  ;  and  that  there  is  nothing 
therefore  in  the  ftruCture  of  thefe  mufcles 
peculiarly  fitting  them  for  fuch  alternate  mo¬ 
tions. 

4.  Further,  the  pupil  (whofe  motions 
are  as  involuntary,  and  as  little  perceived  by 
us  as  thofe  of  the  heart)  is  not  immediate¬ 
ly  relaxed,  after  having  been  contracted  by 
the  admiffion  of  light  into  the  eye,  but  it 

remains 
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remains  in  the  fame  degree  of  contraftion,  as 
long  as  the  fame  quantity  of  light  is  tranfmit- 
ted  to  the  retina ;  which  could  not  happen, 
if  any  fuch  ftrufture  really  obtained  in  the 
mufcles  of  the  uvea ,  as  De  Gorier  fuppofes 
in  the  mufcles  of  involuntary  motion*  We 
rejeft  therefore  his  theory,  not  only  as  a  mere 
hypothejis  without  any  foundation,  but  as 
wholly  infufficient  to  explain  the  various 
phenomena  of  fpontaneous  motion. 

Some  ingenious  Phyfiologifts  have  ima¬ 
gined  the  contraftion  of  the  heart  to  be  ow¬ 
ing  to  the  elaftic  power  of  its  fibres,  which, 
after  they  have  been  ftretched  by  the  return¬ 
ing  venous  blood  dilating  the  auricles  and 
ventricles,  refile,  like  a  bent  bow,  with  a  con- 
fiderable  force.  But  the  force  with  which 
a  fpring  recoils,  is  ever  proportional  to  the 
power  which  bent  it  5  wherefore,  fince  the 
fides  of  the  heart  contraft  with  a  much 
greater  power  than  that  with  which  they 
were  forced  afunder,  th tfyjhle  of  this  mu- 
fcle  cannot  arife  merely  from  the  elafticity 
of  its  fibres,  but  mull  be  owing  to  fome  ad¬ 
ditional  impetus  at  that  time  communicated 
to  them* 


Thus 
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Thus  much  being  premifed,  in  order  to 
fhew  the  weaknefs  and  infufhciency  of  fome 
of  the  moft  plaufible  theories,  that  have 
hitherto  appeared  concerning  the  heart’s  mo¬ 
tion  ;  we  fhall  endeavour,  in  the  following 
Section,  to  give  fuch  an  account  of  its  fyftole , 
as  it  is  hoped  will  appear  no  lefs  fupported 
by  reafon  and  analogy,  than  founded  in  ex¬ 
periment  and  obfervation,  as  well  as  ftrong- 
ly  confirmed  from  its  fully  anfwering  all  the 
phenomena. 


SECT.  III. 

Of  the  fyftole  of  the  heart. 

BEfore  we  inquire  into  the  caufes  of 
the  alternate  motions  of  the  heart,  it 
will  be  proper  briefly  to  mention  and  de~ 
fcribe  the  three  different  ftates  of  that  mu- 
fcle,  viz.  its  contraction,  relaxation,  and  di¬ 
latation  ;  of  which  the  Arft  and  lafi:  may  be 
faid  to  be  violent,  and  the  fecond  only  natu¬ 
ral  to  the  heart.  During  its  fyftole ,  the  heart 

Is 
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is  contracted  in  all  its  dimenfions  and  its 
fubftance  becomes  remarkably  hard :  This 
ftate,  which  fcarcely  lafts  one  third  of  the 
time  interveening  between  each  contraction, 
is  followed  by  a  general  relaxation  of  the 
heart,  by  which  this  mufcle  becomes  fo.ft  and 
flabby,  and  is  rendered  fomewhat  longer.  Bar- 
tholine  calls  this  th cperifyjlole  of  the  heart  -fa 
It  continues  a  much  fhorter  time  than  the 
fyftok ,  the  ventricles  being  inftantly,  after 
their  relaxation,  filled  with  the  returning 
venous  blood,  and  diflended  much  beyond 
their  natural  capacity,  or  that  which  they 
are  obferved  to  have  in  animals  newly  dead ; 
when  the  fibres  of  the  heart  are  neither  con- 

'  Sv  "» 

tradfed  nor  dilated  by  any  adventitious  force, 
but  left  entirely  to  themfelves.  The  di aft  ole 

of 

*  It  has  been  warmly  difputed,  whether  the  heart  is 
fhortened  or  elongated  in  the  time  of  its  fyjiole.  But,  after 
carefully  infpedting  the  hearts  of  frogs  and  eels,  both  in 
the  body  and  when  feparated  from  it,  I  can’t  help  (not- 
withftanding  the  authority  of  JVinJIow  on  the  other  fide) 
agreeing  with  Dr.  Hunauld  and  others,  who  affirm,  that  the 
heart  is  diminifhed  in  length,  as  well  as  in  breadth,  when  it 
begins  to  contradf.  Vid.  hiftoire  acad.  des  fciences  1731, 
edit.  8vo.  p.  33.  &Y» 

t  Anatom,  p.  37.  377.  378. 
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bf  the  heart  being  thus  fully  completed,  its 
fyjiole  immediately  enfues. 

Supposing  the  heart  now  in  its  full  diajlole ; 
let  us  inquire  what  chafige  has  happened 
to  it  iince  the  end  of  the  preceeding  fyjiole , 
which  may  be  fuppofed  capable  of  bringing 
it  into  a  new  contraftion, — We  have  already 
fhewn,  that  the  nerves  of  the  heart  are  not,  at 
this  time,  freed  from  any  compreffion  which 
a  little  before  could  have  rendered  it  paraly¬ 
tic.  And  if  one  fhould  fuppofe  fome  general 
ftrudlure  in  the  cerebellum ,  which  determines 
the  vital  fpirits  through  its  nerves  alternate¬ 
ly,  and  as  it  were  in  fucceeding  waves,  yet 
this  would  not  account  for  the  motions  of 
the  heart ;  fince  the  alternate  contractions 
of  this  mufcle  continue  for  fome  time  after  all 
communication  between  it  and  the  cerebellum 
has  been  cut  off.  Further,  as  the  contradions 
of  fome  of  the  organs  of  vital  motion  are 
performed  after  fhorter,  of  others  after  longer 
intervals,  we  mu  ft  neceffarily  fuppofe,  at  the 
origin  of  the  nerves  belonging  to  each  organ,  a 
different  caufe  alternately  determining  the  fpi¬ 
rits  into  it.  But  of  fuch  hypothefes ,  without  ei¬ 
ther  proof  or  probability,  there  can  be  no  end. 

F  During 
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During  the  diajlole  of  the  heart,  all 
its  coronary  veffels,  which  were  in  a  great 
meafure  emptied  by  the  preceeding  fyftole ,  are 
filled  with  blood  violently  pufhed  into  them 
by  the  contraction  of  the  aorta  :  but  as  the  ar¬ 
terial  blood  is  not  immediately  neceffary  to  the 
contraction  of  a  mufcle  *,  and  feems  only  to 
contribute  to  it  in  a  fecondary  way,  this  alone 
will  be  thought  far  from  being  fufficient  to  ac¬ 
count  for  the  fucceeding  fyftole  of  the  heart. 
'Tis  true  indeed  that  warm  water,  injeCted  in¬ 
to  the  arteries  of  an  animal  newly  dead,  ex¬ 
cites  the  rnufcles,  to  which  thefe  arteries  are 
diftributed,  into  contraction.  But  this  contra¬ 
ction  is  fo  weak  and  fo  unlike  that  of  the  heart, 
that  I  perfuade  myfelf,  hardly  any  one,  will* 
from  this  experiment  alone,  imagine  the  fyftole 
of  the  heart,  to  be  owing  to  the  arterial  blood 
pufhed  forcibly  through  all  its  vefiels,  in  the 
time  of  its  diaftole ;  efpecially  finee  we  don't 
obferve  the  leaft  degree  of  an  alternate  mo¬ 
tion  in  the  fphinCters  of  the  anus  and  bladder, 
from  the  blood  being  more  ftrongly  impelled 
through  their  veffels,  upon  every  contraction 
of  the  heart,  than  during  its  diaftole .  This 
matter  however  is  put  entirely  beyond  dilpute, 

by 

*  SeCt.  i.  N°  3.  of  this  Effav. 
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by  the  heart’s  continuing  to  repeat  its  contra¬ 
ctions,  not  only  after  the  coronary  arteries, 
and  pulmonary  veins  are  tied,  but  after  it  is 

feparated  from  the  body. - The  blood  then 

with  which  the  coronary  veffels  of  the  heart 
are  filled  during  its  diaftole ,  being  as  ineffi¬ 
cient  as  is  the  fuppofed  compreffion  of  the 
cardiac  nerves,  to  account  for  its  fucceeding 
fyftole $  it  remains,  that  we  next  inquire,  what 
influence  the  returning  venous  blood,  with 
which  the  ventricles  of  the  heart  are  diftended 
during  its  diaftole ,  may  have  in  producing  its 
fubfequent  fyftole.  And  is  it  not  reafonable 
to  fuppofe,  that  this  fluid  returning  by  the  ca- 
and  pulmonary  veins,  and  rufhing  into  the 
cavities  of  the  heart,  with  a  confiderable  force, 
muft  by  diftraCting  its  fibres,  as  well  as  by  its 
motion  and  attrition  upon  the  fcabrous  furface 
and  flefhy  pillars  of  the  ventricles,  fo  ftimu- 
l.ate  and  affedt  the  fenfible  nerves  and  fibres  of 
the  heart,  as  to  bring  it  immediately  into  con¬ 
traction 

•m  -  l  f  S 

Though  fome  authors  have  long  fince  a- 
fcribed  the  alternate  motion  of  the  heatt,  to 
the  irritation  of  the  blood  received  by  turns 

into 

*  Se£t.  i.  N°  8.  9.  by. 
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into  its  cavities  *4  yet  as  this  cauie  has  been 
much  overlooked  by  many  later  writers,  and 
not  rightly  underftood  by  fome  others,  we 
fhall  endeavour  to  confirm,  and  illuftrate  the 
manner  of  its  influence,  by  a  variety  of  ar¬ 
guments. 

While  fome  authors  have  afcribed  the  con¬ 
traction  of  the  heart  folely  to  the  blood,  con- 
fidered  as  a  ftimulating  fluid,  which  irritates 
the  internal  furface  of  its  ventricles ;  others 
have  been  unwilling  to  allow,  that  the  blood 
acts  in  any  other  fenfe  as  a  fhnuius ,  upon  the 
heart,  than  as  by  its  weight  and  impulfive 
force  it  ftretches  and  diftrafts  the  fibres  com- 
pofing  its  ventricles  ft*.  But  the  increafed  mo¬ 
tion  of  the  blood,  from  the  contagion  of  the 
finall  pox,  mealies,  &c.  and  after  eating  or 
drinking  any  thing  acrid,  as  well  as  the  power 
which  acrid  or  ftimulating  things  have  in  re¬ 
newing 

*  Certumque  eit,  veficulam  didtam,  nt  et  cordis  auri- 
culam  poftea,  (unde  pulfatio  primum  incipit)  a  diftenden- 
te  f  anguine,  ad  conftridboms  motum  irritari.  Harvey  de 
general,  animal,  exercit.  51. 

Fibrse  cordis  virtute  micationis  vitalis  fanguinis  in  ejus 
ventriculis  contend,  per  vices  irritatae,  excitantur  ad  fe  eon- 
trahendas  et  pulfationem  faciunt,  mox  irritatione  remifla 
relaxatitur.  Gliffbn  de  ventricul.  et  inteftin.  cap.  7.  p.  170. 

f  Sengc,  traite  du  coeur  lib.  2.  cap.  4.  fedt.  4. 
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newing  the  heart’s  motion  after  it  is  feparated 
from  the  body,  are  circumftances  which  (hew, 
that  the  contraction  of  the  heart  is  not  folely 
owing  to  its  fibres  being  diftraCted  by  the  mo¬ 
ment  of  the  blood,  but  partly  to  the  irritation, 
communicated  to  its  internal  furface  by  the 
particles  of  this  fluid.  And  the  remarkable 
diminution  of  the  periftaltic  motion  of  the 
guts,  when  the  cyftic  byle  is  hindered  from 
flowing  into  them,  makes  it  evident  that  the 
ftretching  of  the  fibres  of  the  inteflines,  by 
the  contained  air  and  aliment,  is  not  the  foie 
caufe  of  their  fucceeding  contraction.  On  the 
other  hand,  the  increafe  of  the  heart’s  moti- 
on  from  exercife,  or  from  any  other  caufe, 
whence  the  blood  is  returned  in  greater  quan¬ 
tity,  and  with  more  force,  its  diminution 
by  blood-letting,  the  phenomena  of  the  moti¬ 
on  of  the  ftomach,  and  of  the  expulflon  of  the 
urine  and  faces  all  thefe  particulars,  I  fay, 
prove,  that  even  the  diftenfion  of  hollow  mu- 
fcles  has,  a  remarkable  influence  towards  ex¬ 
citing  them  into  aCtion  *f\ — And  that  the  blood 
is  extremely  well  fitted,  to  aCl  upon  the  heart 
as  a  ftimulus ,  in  both  thefe  ways,  will  appear, 

if 

*  See  fe£t.  5.  below. 

f  See  feCt.i.  N°  8.  above. 
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if  we  conlider  its  compofition,  heat,  inte- 
ftine  motion,  what  qualities  it  may  probably 
receive  from  the  air,  and  the  force  with 
which  it  rufhes  into  the  cavities  of  the 

heart? 

i.  As  to  its  compofition.  The  blood  corn- 
lifts  of  the  fame  principles  with  our  aliments, 
and  confequently  abounds  with  falts  and 
oils.  The  falts  of  the  blood  are  partly  of 
the  fixed  neutral  kind,  and  partly  rendered  as 
it  were  femivolatile  by  the  heat  and  motion 
to  which  they  are  fubjedted ;  both  are  ex- 
tremely  apt  to  irritate  very  fenfible  nervous 
parts  ,  for  we  know  that  any  kind  of  fait 
applied  to  the  eye  gives  remarkable  uneafi- 
nefs.— The  oils  in  the  blood  are  either  thofe 
of  animal  fubftances,  the  expreffed  oil  of 
vegetables,  their  attenuated  oil  by  fermenta* 
tion,  commonly  called  alcholy  or  laftly  the 
acrid  oil  of  aromaticks.  The  two  firft  are 
no  way  acrid  or  fit  to  adt  as  a  fwiulusy  unr 
lefs  they  have  been  highly  attenuated  by  long 
expolure  to  heat,  or  by  attrition  \  the  two 
latter,  viz.  ardent  fpirits  and  the  oil  of  aro¬ 
matics  are  very  apt  to  irritate  the  tender 

fibres 
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fibres  of  live  animals.  Hence  it  is  that  fpi- 
rituous  liquors  largely  drunk  and  hot  fpices 
too  freely  ufed,  quickly  raife  the  pulfe,  and 
make  the  heart  as  it  were  redouble  its  contra¬ 
ctions.  Hence  eating  animal  food  or  drink¬ 
ing  ftrong  liquors,  which  abound  with 
faline  and  acrid  particles,  remarkably  quick¬ 
ens  the  circulation,  and  increafes  the  heat  of 
the  body,  while  a  dinner  of  milk,  mild 
herbs,  or  cooling  fruits,  makes  little  altera¬ 
tion  in  the  pulfe.  The  blood  therefore  as  it 
is  impregnated  with  falts  and  attenuated  acrid 
oils,  muft  be  very  well  fitted  to  give  a  gentle 
Jlimidus  to  thofe  fenfible  nerves  and  mem¬ 
branes  which  line  the  auricles  and  ventricles 
of  the  heart. 

If  it  be  objected,  that  the  blood  difcovers 
no  acrimony  to  the  tongue,  nor  fenfibly  irri¬ 
tates  the  eye  5  it  may  be  fufficient  to  anfwer, 
that,  though  this  fluid  be  remarkably  fait  to 
the  tafte,  yet  I  don't  afcribe  the  whole  ftimu- 
lating  power  of  the  blood  to  its  acrid  par¬ 
ticles  alone,  but  to  thefe  in  conjunction  with 
feveral  other  qualities  and  circumftances  juft 
now  to  be  confidered.  But  further,  al¬ 
though  the  blood  did  not  difcover  the  lead; 

degree 
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degree  of  acrimony  when  applied  to  the 
nerves  of  the  tongue  (which  however  is  not 
the  cafe),  yet  it  might  be  fitted  to  add  as  a 
very  powerful  flithulus  upon  other  nerves  of 
the  body,  differing  froth  theft  in  their  confti- 
tution  and  greater  fenfibility.— Many  poifons, 
efpecially  of  the  antimonial  kind,  are  void  of 
almoft  any  degree  of  acrimony,  as  far  as  we 
can  judge  by  the  tafte  $  yet  they  fo  ftrongly 
and  difagreeably  affedd  the  nerves  of  the  fto- 
mach,  as  to  bring  this  bowel,  together  with 
the  neighbouring  parts,  into  violent  convulfi- 
ons,  and  produce  a  train  of  the  mold  direful 
fymptoms ;  by  which  all  the  functions  of  the 
animal  frame  are  greatly  diford ered,  inter¬ 
rupted  or  finally  ftopt.  The  roots  of  the  ck 
cuta  aquatka  are  fweetifh,  but  neither  acrid 
nor  difagreeable ;  and  cataplafms  of  them  ap¬ 
plied  to  in  flammed  or  ulcerated  parts,  occa- 
fion  no  bad  fymptoms  yet,  when  taken  into 
the  ftomach,  they  foon  throw  the  whole  body 
into  the  moft  terrible  convulfions,  which  ge¬ 
nerally  end  in  death.- — —The  berries  of  the 
rhus  my rt  folia  monfpeliaca ,  though  there  be  no¬ 
thing  in  their  tafte  or  fmell  to  render  them  fu- 

fpedted, 

*  Wepferi  hiftoria  cicut.  aquat.  p.  84, 
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fpefted,  yet  aft  fo  powerfully  upon  the  nerves 
of  the  ftomach,  when  1  wallowed,  that,  in 
half  an  hour  after,  they  bring  on  an  epilepfy, 
whofe  repeated  attacks  kill  the  patient  in  lefs 
than  24  hours  *. — Viper's  poifon  affefts  nei¬ 
ther  the  nerves  of  the  tongue  nor  ftomach 
with  any  difagreeable  fenfation ;  yet  the  fmal- 
left  drop  of  it  received  by  a  wound  into  the 
blood,  feems  not  only  to  aft  as  a  ferment 
upon  this  fluid,  but,  by  its  ftimulating  qua-- 
lity,  to  affeft  moft  violently  the  whole  ner¬ 
vous  and  vafcular  fyftem. - —The  putrid  ex¬ 

crement  which  gives  no  difturbance  to  the  co¬ 
le??  or  reBum ,  till  by  its  quantity  it  overftretches 
their  fibres,  would  create  ficknefs  and  vo¬ 
miting  in  the  ftomach. — Urine  which  fcarce 
ftimulates  the  bladder  till  it  begins  to  diftend 
it  too  much,  when  injefted  into  the  great  guts, 
proves  a  good  purgative  clyfter. — Warm  blood 
received  into  the  ftomach  by  a  rupture  of  any 
of  itsveffels,  proves  very  ungrateful  to  its  nerves, 
but  no  way  offends  the  nerves  of  the  heart 
or  arterial  fyftem. — -Every  one  knows  what 
remarkable  changes  happen  in  the  body  about 
the  time  of  puberty:  thefe  changes  are  ge- 

G  nerally 

*  Memoires  acad,  feiences  1739.  edit.  8vo,  p.  627* 
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nerally  and  not  without  reafon  afcribed  to  the 
femen ,  which  now  begins  to  be  duly  prepay 
red :  they  do  not  however  feem  to  be  owing 
fo  much  to  the  reception  of  the  finer  parts  of 
this  fluid  into  the  blood,  as  to  its  peculiar  a- 
Ction  upon  the  nerves  of  the  tefles  and  veftculce 
feminaleSy  yet  the  femen,  when  applied  to  the 
nerves  of  other  parts  of  the  body,  neither 
fenfibly  titillates  them,  nor  produces  any  re¬ 
markable  effects. 

Thus  it  appears  from  a  variety  of  ex¬ 
amples,  that  the  nerves  of  different  organs 
in  the  fame  animals  are  fo  conftituted,  as  f:o 
hfc  very  differently  affected  even  by  the  fame 
things  :  So  that  we  cannot  abfolutely  take 
upon  ourfelves  to  judge,  by  our  tafte  or 
fmell,  how  far  any  liquor  may  or  may  not 
be  adapted  to  aCt  as  a  ftimulus  upon  the  nerves 
of  a  particular  organ ;  and,  confequently, 
that  although  the  blood  fcarce  a£ts  as  a  ftimu¬ 
lus  upon  the  eyes  and  tongue,  it  may  never- 
thelefs  give  fuch  a  gentle  irritation  to  the 
nervous  papillce  of  the  heart,  as  may  be  fuf- 
ficient  to  excite  this  mufcle  into  contraction  2 
which  will  further  appear,  if  we  confider 
the  heat  of  this  fluid, 

2.  Heat 
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2.  Heat  feems  to  be  no  more  than  a  vio¬ 
lent  vibration  or  motion  in  the  fmaller  parts  of 
bodies ;  therefore  the  blood,  as  it  is  a  warm 
fluid,  muft  have  its  particles  agitated  by  per¬ 
petual  vibrations,  which  muft  be  communi¬ 
cated  to  the  nervous  papillce  on  the  fides  of 
the  heart,  and  excite  in  them  correfponding 
ofcillations :  befides,  as  the  blood  abounds 
with  oily  and  fulphureous  particles,  it  muft, 
by  its  motion  and  attrition  againft  the  veffels* 
acquire  vibrations  ftill  more  remarkable. 

The  effeCt  which  heat  has  in  exciting  the 
mufcular  fibres  of  animals  into  contractions, 
and  thus  promoting  the  circulation  of  the 
fluids,  is  too  well  known,  to  admit  of  any 
doubt*  By  different  degrees,  of  warmth  or 
cold,  infeCts  and  the  chick  in  the  fhell, 
may  at  pleafure  be  made  more  or  lefs  lively* 
confignedto  death  or  reftored  to  life 

3.  The  particles  of  the  blood,  befides 
the  ofcillations  they  are  put  into  by  heat, 
are  agitated  by  a  motion  of  another  kind. 

As 

*  Vid.  Harvey  de  motu  cordis,  cap.  17.  de  genera- 
tione  animal,  exercitat.  17.  &  Reaumur .  hiftoixe  des 
infe&es.  tom.  2.  memoire  1. 
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As  vegetables  make  up  the  chief  part  of  our 
aliment,  the  chyle  is  generally  acefcent ;  yet 
the  blood  and  other  perfectly  elaborated  ani¬ 
mal  juices  are  of  a  contrary  nature,  ever  tend¬ 
ing  to  putrefaction,  and  when  heated  by  the 
fire,  afford  a  volatile  inftead  of  a  fixed  alca- 
line  fait :  fuch  a  change  in  the  nature  of  the 
chyle,  could  not  be  produced  without  an  in- 
teftine  motion  of  its  particles ;  which  we 
find  to  be  the  grand  inftrument  of  nature 
in  changing  the  texture  and  difpofitions  of 
all  vegetable  and  animal  bodies  This  in- 
teftine  motion  added  to  the  vibrations  of  the 
particles  of  the  blood  from  heat,  will  ftill 
better  qualify  it  for  afting  as  a Jlimulus  upon 
the  extremely  fenfible  and  tender  nerves  of 
the  heart. 

4.  Sir 

✓ 

%  It  is  as  unreafonable  to  deny  any  degree  of  inteftine 
motion  in  the  fluids  of  animals,  becaufe  this  is  not  per¬ 
ceived  by  our  fenfes,  as  it  would  be  to  argue  againfl  their 
being  poffefled  of  any  degree  of  heat,  becaufe  we  are  not 
fenfible  of  their  warmth  when  moving  through  our  veffels. 
A  fluid,  fuch  as  the  blood,  compofed  of  various  and  dis¬ 
agreeing  particles,  whofe  attractive  and  repulfive  powers 
are  very  different,  and  upon  which  the  fame  degrees  of 
heat  and  friction  muff  have  different  effects,  cannot  fail, 
by  its  rapid  motion,  to  have  its  globules  and  their  conftituent 
parts  agitated  with  brifk  vibrations. 
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4.  Sir  Ifaac  Newton  imagined,  that  the 
beating  of  the  heart  was  continued  by  an  a- 
cid  vapour  in  the  air,  received  into  the 
blood  by  means  of  refpiration  *.  Even  the 
hints  and  conjectures  of  fo  great  a  man  de- 
ferve  uncommon  regard  ;  and,  as  he  was  no 
lefs  remarkable  for  his  caution  in  advancing 
hypothefes ,  than  for  his  deep  knowledge  of 
nature,  we  may  readily  believe  he  did  not 
propofe  this  opinion  to  the  world  without 
fome  good  reafons,  although,  as  they  were 
not  quite  fatisfying  to  himfelf,  he  has  fup- 
preffed  them,  and  left  the  further  clearing 
of  this  matter  to  pofteritv. 

I  J 

What  it  is  in  the  air  which  is  fo  necefiary 
to  the  continuance  of  animal  life,  I  (hall  not 
pretend  to  fay ;  but  it  feems  highly  pro¬ 
bable,  that  the  death  of  animals  in  a  con¬ 
fined  ftagnant  air,  is  neither  wholly  owing 
to  its  want  of  elafticity,  its  too  great  heat, 
or  moifture  :  and  if  this  be  fo,  refpiration  does 
not  ceafe  in  fuch  air,  on  account  of  its  abfolute 
unfitnefs  to  dilate  the  vefieles  of  the  lungs, 
but  becaufe  the  animal  foon  becomes  unable 

to 


*  Optics,  edit.  8vo,  p.  355, 


54  Of  the  Vital  and 

to  move  duly  the  mufcles,  whofe  aCtion  is 
required  for  enlarging  the  thorax:  This 
feems  to  happen  only  from  a  failure  or  want 
of  the  influence  of  the  brain  and  nerves,  and 
this  laft  from  a  more  languid  propulfion  of 
the  fluids  by  the  heart*  If  then  we  allow 
the  air  to  be  impregnated  with  an  extremely 
aftive  vivifying  fpirit,  which  being  mixed 
with  the  blood  in  the  lungs,  befides  its  o- 
ther  effedts,  adts  powerfully  as  a  Jlimulus  up¬ 
on  the  auricles  and  ventricles  of  the  heart; 
*tis  eafy  to  fee,  that,  as  foon  as  this  fpirit  is 
confumed  in  a  confined  air,  the  heart's  mo¬ 
tion  muft  flag,  and  confequently  all  the 
vital  and  animal  functions  become  more  and 
more  languid,  till  death  at  laft  enfues* 
But  this  only  by  way  of  conjecture. 

5.  A  body,  whether  fluid  or  folid,  of  a 
nature  which  qualifies  it  to  adt  as  a  Jlimulus , 
will  excite  fo  much  the  ftronger  irritations, 
by  how  much  the  greater  force  it  is  appli¬ 
ed  with,  to  the  fenfible  part ;  lince  its  a- 
cute,  acrid,  or  otherwife  adtive  particles,  muft 
by  this  means  ftrike  more  ftrongly  againft  the 
extremities  of  the  tender  nerves.  Hence  the 

blood;, 
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blood,  which  we  have  fhewn  to  be  well  fitted 
for  gently  irritating  the  fenfible  membranes 
of  the  cavities  of  the  heart,  muft,  by  its  be¬ 
ing  pufhed  into  them  with  a  confiderable  force, 
adt  with  fo  much  the  greater  energy.  But 
further,  as  by  the  blood  rufhing  impetuoufly 
into  the  auricles  and  ventricles  of  the  heart, 
thefe  cavities  are  dilated  beyond  their  natural 
capacity,  fo  the  diftradlion  which  their  fibres 
muft  fuffer  on  this  occafion,  cannot  fail  to 
produce  fome  fort  of  irritation,  and  thus  prove 
a  ftimulus  to  their  fubfequent  contradlion 
Agreeable  to  this,  Wepfer  has  obferved,  that 
after  one  vermicular  contraction  of  the  fto- 
mach  is  performed,  another  does  not  fucceed, 
till  this  bowel  begins  to  be  remarkably  fwel- 
led  in  its  middle  part  by  the  rarified  air  con¬ 
tained  in  it,  or  generated  by  the  diffolving  a- 
liments :  But  this  diftenfion  of  the  ftomach  no 

fooner 

*  It  here  deferves  particular  notice,  that  while  the  ven¬ 
tricles  of  the  heart  are  extended  much  beyond  their  natu¬ 
ral  fize,  by  the  force  of  the  refluent  venous  blood,  the  ten- 
dineo-carnous  chords  which  often  run  from  one  fide  of  the 
Ventricles  to  the  other  f,  muft  be  confiderably  ftretchedand 
elongated ;  which  cannot  fail  to  produce  an  irritation  in 
thefe  parts,  and  confequently  to  contribute  towards  exci¬ 
ting  the  fucceeding  fyftole  of  the  heart. 

t  Vid.  Cowper' smyotom.  reformat,  tab.  39.  let.  h.  Sc  tab. 
4p.  lot.  f, 
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fooner  happens,  than  a  new  contraction  of  it 
begins,  which  proceeding  on  towards  the 
pylorus y  expels  part  of  this  air,  and  of  the  di- 
gefted  aliment,  into  the  duodenum ;  after  which 
this  orifice  collapfes,  and  a  new  intumefcence 
of  the  ftomach  quickly  enfues  Hence  it 
appears  how  great  an  analogy  there  is,  be¬ 
tween  the  caufes  of  the  alternate  contraction 
of  the  heart  and  ftomach  ;  both  being  exci¬ 
ted,  partly  by  the  diftraCtion  of  their  fibres 
by  a  diftending  caufe,  and  partly  by  the  irri¬ 
tation  of  their  fenfible  nerves  by  a  ftimula- 
ting  one.  In  like  manner  the  contraction  of 
the  bladder  of  urine,  and  the  defire  of  evacu¬ 
ating  this  fluid,  is  not  only  owing  to  its  acri¬ 
mony  ftimulating  the  nerves  of  the  bladder, 
but  alfo  to  its  quantity  overftretching  the  coats, 
and  diftraCting  the  fibres  of  this  organ. 

Upon  the  whole,  from  what  has  been  faid, 
it  may  appear,  that  as  the  violent  motion  of 
the  fluids,  and  uncommon  contractions  of  the 
heart  and  arteries  in  the  fmall  pox,  mealies 
and  other  feveriih  difeafes,  is  in  a  great  mea- 
fure  owing  to  fome  foreign  particles  mixed 
with  the  blood,  whence  it  stimulates  the  folids 

more 

*  IVepfer  de  cicut  aquat.  p.  177, 
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more  ftrongly  ;  fo  the  ordinary  and  lefs  vio¬ 
lent  motion  of  the  heart,  is  owing  to  the  gen¬ 
tler  Jlimulus  of  the  fluids  in  a  found  ftate. 

Further,  that  the  alternate  contractions 
of  the  heart  are  excited  in  the  manner  above 
explained,  a  variety  of  other  arguments  con¬ 
cur  to  fhew, 

1.  The  quicknefs  and  ftrengthof  the, heart’s 
motion  are,  caeteris  paribus ,  always  proporti¬ 
onal  to  the  force  with  which  the  venous  blood 
returns  to  its  ventricles  by  the  venae  cavae  and 
pulmonary  veins :  hence  exercife  of  any  kind 
accelerates  the  motion  of  the  heart,  and  increa- 
fes  the  force  with  which  it  contracts :  a  fit  of 

-  __  ;  '  >  ..  ..  .  >  #  •  V  *  'w  ..  *  /•  •  ..  .  Vi  •  v  V  -  <  • 

laughter  will  quicken  the  pulfe  above  twenty 
beats  in  a  minute  *:  upon  an  intermiffion  of 
refpiration,  the  pulfe  becomes  fmaller,  but 
recovers  its  former  ftrength  immediately  after 
repeating  it  again  •j-. 

■  r- 

2.  It  appears  from  Dr.  Hales's  experiments, 
that  the  blood  returns  to  the  heart  by  the  two 
venae  cavae  with  nearly  of  the  force  with 

H  which 

*  Rolinfon  on  the  animal  ceconomy,  prop,  ar* 

i  Ibid,  prop.  24. 
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which  it  was  puffied  into  the  aorta ;  and  as 
the  left  ventricle  of  the  heart  is  at  leaft  three 
times  ftronger  than  the  right,  the  returning 
venous  blood  will  endeavour  to  dilate  the  right 
ventricle  with  a  force  nearly  equal  to  ~  of  the 
power  with  which  it  ufually  contrails  in  the 
time  of  its  fyftole ;  and  this  even  without  taking 
into  the  computation  the  additional  impetus 
communicated  to  the  blood  by  the  contraition 
of  the  right  auricle :  but,  by  violent  ftraining, 
the  force  of  the  blood  in  the  veins  is  often 
rendered  above  four  times  greater  than  ordi¬ 
nary  *,  and  confequently  fuperior  to  that  with 
which  the  right  ventricle  contrails  when  the 
body  is  at  reft :  wherefore,  if  we  do  not  al¬ 
low  the  ftrength  with  which  the  ventricles  of 
the  heart  contrail,  to  depend  in  a  great  mea- 
fure  upon  the  ailion  of  the  venous  blood  upon 
them,  it  will  be  difficult  to  conceive  how  the 
right  ventricle  fhould  be  able  to  overcome  the 
force  with  which  the  blood  rufhes  into  it,  up¬ 
on  any  ftraining  or  violent  exercife,  and  in 
horfes  running  at  full  fpeed.  Moreover,  it 
is  evident,  from  the  ftate  of  the  pulfe  in  pe~ 
ripneumonies,  both  before  and  after  blooding, 

as 

%  Hales's  flatical  eflays,  vol.  2.  p.  14.  k  1 61. 
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as  alfo  from  the  remarkable  increafe  of  the 
force  of  the  blood  in  the  aorta  and  its  branch¬ 
es  after  deep  fighing  *,  that  the  flrength  with 
which  the  left  ventricle  of  the  heart  contracts, 
is  immediately  increafed  or  diminifhed,  ac¬ 
cording  as  the  blood  is  fqueezed  with  more 
or  lefs  force  through  the  pulmonary  veins  into 
its  cavity, 

3.  It  is  very  obfervable,  that  the  auricles 
and  ventricles  of  the  heart  are  no  fooner  fil¬ 
led  with  the  refluent  blood,  than  they  imme¬ 
diately  begin  to  contrail ;  which  ftrongly  in¬ 
dicates  the  influx  of  this  fluid  to  be  the  caufe 
exciting  their  fubfequent  contraftion.  In  dy¬ 
ing  animals,  thofe  cavities  of  the  heart  ceafe 
from  motion  firfl:,  which  are  firfl:  deprived  of 
the  returning  venous  blood  1  hence  in  live  dif- 
feftions,  a  little  before  death,  when  the  blood 
is  not  pufhed  by  the  force  of  the  right  ven¬ 
tricle  beyond  the  capillary  arteries  of  the  lungs, 
the  left  ventricle  being  deprived  of  its  Jiimu - 
luSy  is  obferved  firfl  of  all  to  give  over  mo¬ 
tion,  and  foon  after  it  the  left  auricle :  but 
the  right  ventricle,  being  flill  fupplied  with 

blood 

&  Halefs  ftatical  Eflays,  vol.  2.  p.  6>.  &  16. 
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blood  from  the  two  cava,  continues  its  mo¬ 
tions  for  fome  confiderable  time ;  and,  even 
after  it  feems  to  die,  the  alternate  motions  of 
the  right  auricle  are  kept  up  by  the  fmall 
ftream  of  blood  which  flows  into  it  from  the 
cava.  This  however  is  not  fufficient  to  actu¬ 
ate  the  right  ventricle,  till  after  feveral  con¬ 
tractions  of  the  auricle,  more  blood  being 
collected  in  it,  it  begins  anew  to  tremble, 
and,  as  it  were  with  fome  ftruggle  and  diffi¬ 
culty,  llowly  performs  another  contraction . 
Laflly,  after  both  the  right  ventricle  and  au¬ 
ricle  have  wholly  iofl:  their  motion,  the  right 
fnus  venofus  continues  for  fome  little  time  gen¬ 
tly  to  palpitate,  and  its  tremulous  motion, 
when  about  to  ceafe,  may,  like  that  of  the 
heart,  be  renewed  by  heat,  or  any  thing  elfe 
that  is  capable  to  irritate  its  fibres  Dr, 
Langrijh  tells  us,  that  in  a  dog  whofe  thorax 
he  opened,  and  whofe  lungs  he  kept  playing 
with  a  pair  of  bellows,  the  auricles  begun 
the  motion,  and  the  fyjiole  of  the  ventricles 
always  inftantly  followed  that  of  the  auricles. 
When  he  defifted  frornblowing  frefti  air  into 

the 

*  Harvey  de  motu  cord.  cap.  4.  &  Walcens  de  motu  chy~ 
li  5$  fang,  epifh  j.  ad  fin,  Bartholin .  anat.  p.  783.  &  784. 
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the  lungs,  the  heart  lay  ftill,  but  recovered 
its  motion  when  the  lungs  were  ftrongly  dif- 
tended  anew.  In  this  aCtion  he  never  could 
difcern  that  the  ventricles  began  the  motion, 
but  the  auricles  always  contracted  firft,  and 
immediately  after  them  the  ventricles ;  tho' 
at  laft  he  obferved  feveral  contractions  of  the 
auricles  which  were  not  fucceeded  by  any 
motion  in  the  ventricles  From  what  has 
been  faid  it  plainly  appears,  why  the  motions 
of  the  auricles  and  ventricles  are  not  fynchro- 
nous,  viz.  becaufe  they  receive  into  their  ca¬ 
vities  at  different  times  the  returning  blood, 
which,  as  a  Jlimulus ,  excites  them  into  con- 
traCtion. 

4.  People  frequently  recover  from  a  leipo- 
thymia  and  fyncope  as  it  were  fpontaneoufly, 
and  without  any  external  affiftance,  becaufe 
the  chyle  and  lymph  continue,  by  means  of 
the  periftaltic  motion  of  the  guts,  to  be  for¬ 
warded  to  the  fubclavian  vein  and  cava  at 
the  fame  time  that  the  venous  blood,  partly 
by  the  contractile  power  of  the  greater  arte¬ 
ries,  and  the  ofcillatory  motions  of  the  vafa 

minima 


*  Cronean  lectures,  p.61.62. 
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minima ,  and  partly  by  the  conftricftion  of  the 
cutaneous  veffels  from  cold,  is  tranfmitted  into 
the  branches  of  the  two  vena  cavee^  and  for¬ 
warded  to  the  right  auricle  of  the  heart, 
which  it  firft  ftimulat.es  into  contraction  ;  and 
immediately  afterwards  fets  the  right  ventricle 
alfo  a  going.  Nay  many  people  who  have 
been  dead  in  appearance,  have  been  reftored 
to  life  by  blowing  air  into  their  lungs,  and 
thus  communicating  a  new  motion  to  the 
ftagnating  blood  in  the  cava  inferior  and  pul¬ 
monary  veins.  Of  this  we  have  a  remarkable 
inftance  recorded  in  the  Edinburgh  Medical 
EJJays ,  voL  5.  art .  55. )  where  we  are  told, 
that  a  man  was  brought  to  life,  by  diftending 
his  lungs  with  air,  and  putting  the  blood  in 
the  pulmonary  veins  and  left  fnus  venofus  into 
motion,  after  his  heart  had  remained  at  reft 
for  at  leaft  half  an  hour  *  :  and  that  it  was 
in  this  way  that  the  blowing  into  his  lungs  re¬ 
covered  him,  is  evident)  fince  no  fooner  were 
the  lungs  thus  dilated,  than  immediately  the 
heart  begun  to  move,  and  fix  or  feven  very 

quick 

>  *  The  inflation  of  the  lungs,  by  prefing  the  vena  cava 
inferior ,  mull  alfo  have  communicated  a  motion  to  the 
blood  in  the  right  fnus  venofus . 
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quick  beats  were  felt  below  his  left  bread: ; 
after  this,  the  lungs  continuing  of  themfelves 
to  play,  a  pulfe  was  foon  perceived  in  the  ar¬ 
teries.  Hence  it  appears,  that,  in  order  to 
let  the  heart  a  going,  and  reftore  life  in  ani¬ 
mals  which  are  not  irrecoverably  dead*  it  is 
only  neceflary  to  communicate  fuch  a  motion 
to  the  blood  in  the  cava  or  pulmonary  veins, 
as  may  enable  it  a  little  to  dilate  the  auricles 
and  ventricles  of  this  mufcle. 

5.  The  heart  after  it  has  ceafed  to  move, 
is  not  only  feta  going  again  by  determining 
the  venous  blood  into  its  cavities,  but,  in  ani¬ 
mals  which  have  been  for  fome  time  dead, 
its  motion  may  be  renewed  by  blowing  air 
through  the  thoracic  dudt  or  vena  cava  into 
its  right  auricle  and  ventricle,  or  through  the 
aorta  into  its  left  ventricle.  Thus,  while 
Peyerus  was  endeavouring  to  diftend  the  re - 
ceptaculum  cbyli  and  thoracic  dudt  with  air, 
the  heart  was  not  only  rendered  turgid  by 
this  fluid  which  had  made  its  way  into  it, 
but  immediately  began  to  vibrate,  and  con¬ 
tinued  its  motions  for  feveral  hours  The 

fame 

*  Peyeri  parerg  7,  p,  199,  and  Wepfer  de  cicut.  aquae 
p.  89. 
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fame  experiment  was  afterwards  repeated  by 
Brwmerus  on  a  dog  with  equal  fuccefs 
And  Harderus  relates  that  in  a  ftork,  which 
had  beeen  killed  by  ppifon,  he  made  the 
heart  renew  its  motion*  by  blowing  air  into 
the  aorta  Since,  in  thefe  experiments,  and 
in  others  which  might  be  recited  from  other 
authors,  the  heart,  which  had  lain  quiet, 
and  without  any  motion  for  a  confiderable 
time  after  death,  was  readily  excited  into  con¬ 
traction  by  the  air  ftretching  its  fibres,  and 
probably  flimulating  its  nervous  papilla ; 
and  fince  the  heart,  as  we  are  told  by  Dr* 
Harvey ,  may,  after  it  has  ceafed  to  move  in 
an  animal  newly  killed,  be  again  put  in  mo¬ 
tion,  by  applying  to  it  a  little  warm  faliva  J  5 
we  need  not  be  at  a  lofs  to  account  for  the 
alternate  motions  of  this  mufcle  in  live  ani¬ 
mals, 

*  Experiment  circa  pancreas  p.  2r. 

+  Additamen  ad  Peyeri  parerg.  7.  p.  201 

%  In  columba  certe  experimento  fadto,  poflquam  cor 
defierat  omnino  moveri,  et  nunc  etiam  auriciae  motum 
reliquerant  per  aliquid  fpatium,  digitum  faliva  madefa&um, 
et  calidum  cordi  fuperimpofitum  detinui :  hoc  fomento 
quafi  vires  et  vitam  poftliminio  recuperaflet,  cor,  et  ejus  au¬ 
riculae,  moveri  et  fefe  contrahere  atque  laxare,  et  quafi 
ab  Oreo  revocari  videbantur.  Harv ,  de  motu,  cord.  cap.  4, 
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mals,  where  a  warm  adtive  fluid  is  alternate¬ 
ly  pufhed  into  its  cavities. 

There  is  only  one  objection,  which  at 
prefent  occurs,  to  the  above  account  of  the 
heart’s  contraction,  m,  that  its  alternate  mo¬ 
tions  may  be  owing  to  fome  peculiar  power 
refulting  from  the  ftrudture  and  conftitution 
of  its  fibres,  and  that  by  virtue  of  this,  it 
is  enabled  to  continue  thefe  motions  long 
after  the  blood  has  ceafed  to  adt  upon  it.  In 
anfwer  to  which,  it  is  fufRcient  to  obferve, 
that  in  dead  animals  in  whom  the  motion  of 
the  blood  is  ftopt,  the  heart  remains  at  reft 
till  its  vibrations  are  renewed  by  expofing  it 
to  the  open  air,  or  by  otherwife  ftimulating 
it  * :  whatever  power  therefore  may  be 
fuppofed  to  relide  in  the  fibres  of  the  heart, 
a  Jlimulus  of  one  kind  or  other  is  always  ne- 
cedar y  to  excite  it  into  action.  In  living  ani¬ 
mals  this  Jlimulus  is,  as  we  have  {hewn,  no 
other  than  the  returning  venous  blood  :  in 
animals  newly  dead,  warm  water,  air,  and 
a  variety  of  other  jlimuli  excite  into  adtion 
this  power  which  feems  to  refide  in  the 
fibres  of  the  heart  which,  whether  it  is 

I  owing 

*  Sedf.  xiii.  below. 
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owing  merely  to  their  mechanical  ftruCture, 
to  the  animal  fpirits  lodged  in  them,  or  to 
forne  other  caufe,  will  more  fully  appear 
in  the  fequel  of  this  Eflfay. 


SECT.  IV. 

Of  the  relaxation  and  diaftole  of  the  heart * 

HAving  Ihewn  that  the  fyftole  of  the 
heart  is  owing  to  the  returning  venous 
blood  aCting  upon  its  auricles  and  ventricles 
as  a Jlimulus ,  it  remains  that  we  next  inquire 
in  what  manner  its  relaxation  and  diafole  are 
brought  about. 

■v  r\  ' 

The  ventricles  of  the  heart  having,  by 
their  contraction,  expelled  their  contained, 
blood  into  the  aorta  and  pulmonary  arteries, 
are  immediately  after  relaxed ;  their  fibres 
lofing  that  tenfion  and  firmnefs  which  they 
had  the  moment  before.  This  relaxation 
of  the  heart  muft  neceffarily  follow  its  fyftole , 
fince  the  mufcles  of  living  animals,  after  be¬ 
ing  excited  into  contraction  by  any  Jlimulus 
applied  to  them,  are  quickly  relaxed  again 

What 


*  Se£t  i.N°  io.  &  1 1.  above. 
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What  may  be  the  reafon  of  this  phenomenon 
we  fhall  not  now  inquire,  but  refer  it  to  be 
afterwards  difcufled  in  a  more  proper  place  *  • 
it  being  fufiicient  for  our  prefent  purpofe  that 
the  thing  is  allowed  to  be  true.  Only  we 
may  obferve  with  refped:  to  the  heart,  that 
as  the  flimulating  caufe  (viz.  the  blood)  is, 
during  the  fyftole ,  expelled  out  of  its  cavities, 
it  is  reafonable  to  think  that  the  fibres  of 
this  mufcle  which  were  in  a  violent  ftate, 
will  of  themfelves  endeavour  to  return  to 
their  moil  natural  condition  *f% 

The  ventricles  of  the  heart,  in  confe- 
quence  of  the  relaxation  which  happens  to 
their  fibres  after  their  fyftole  is  finifhed,  give 
no  refiftance  to  any  caufe  that  begins  to  dilate 

them, 

*  Se£t  x.  below.  1 

•i  <  '  •  , 

f  Dr.  Langrijh  is  of  opinion,  that  when  the  heart  is  in 
fyftole ,  fiome  of  its  fibres  are  always  ftretched  out  beyond 
their  natural  tone  ;  fo  that  by  their  elaftic  refiitutive  pro¬ 
perty,  they  a6t  in  a  certain  degree  as  antagonifts  to  the 
contracted  fibres,  and  fo  contribute  to  unbend  them  at 
the  end  of  every  fyftole.  Cronean  lefiures ,  p.  55.  But 
whatever  may  be  in  this,  it  does  not  appear  that  the  heart 
is,  by  any  thing  in  its  make,  better  fitted  to  relax  itfeif, 
than  the  other  mufcles ;  fince  thefe,  or  even  a  few  of  their 
fibres,  when  feparated  from  the  body,  and  fo  deprived  of 
the.ir  antagonifts,  are  obferved  to  be  alternately  contracted 
and  relaxed  like  the  heart.  Vid.  SeCt,  xiii.  below. 
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them,  but  will  not  without  violence  allow 

•  ) 

their  fides  to  be  removed  from  each  other, 

■< 

fo  much  as  happens  during  their  diajlole » 
From  Drs.  Hales  and  LangrijTd s  experiments 
compared,  it  appears  that  the  capacity  of  the 
left  ventricle  of  an  ox’s  heart,  in  confequence 
of  the  natural  relaxation  of  its  fibres,  is  to  its 
capacity,  when  fully  dilated  by  the  refluent 
blood,  nearly  as  i  to  2~  As  therefore 
the  relaxation  of  the  heart  at  the  end  of  every 
fyftole ,  is  owing  to  the  contraction  of  its  fibres 
ceafing  at  that  time  ;  fo  its  full  diajlole  is  pro¬ 
duced  by  the  returning  venous  blood,  which 
enters  its  cavities  with  a  very  confiderable 
force.  Without  this,  it  is  impofiible  that  any 
relaxation  of  the  heart  could  produce  its  dia¬ 
jlole  ;  iince  a  hollow  mufclp,  fuch  as  the  heart 
or  bladder  of  urine,  can  never  be  fully  dila¬ 
ted  by  means  of  its  own  internal  mechanifm, 
or  without  the  afliftance  of  a  diftending  caufe 
introduced  into  its  cavities.  But  although  the 
diajlole ,  or  full  dilatation  of  the  ventricles  of 
the  heart,  muft  neceffarily  be  afcribed  to  the 
force  of  the  refluent  blood  ;  yet  this  alone, 

without 

*  Vid.  Hales* s  ftatical  effays,  vol.  2.  p.  25.  &  Lan - 

griftf s  Cronean  le&ures,  N°  147, 
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without  a  preceding  relaxation  of  their  fibres, 
would  be  infufficient  to  produce  this  eflfeCh 
'Tis  true  indeed,  that  the  contraction  of  the 
auricles,  and  momentum  of  the  refluent  blood, 
are  in  fome  fenfe  antagonifts  to  the  ventricles^ 
but  both  thefe  taken  together,  falling  much 
fhort  of  the  force  with  which  the  ventricles 
contract,  there  mu  ft  neceflarily  be  fome  other 
caufe,  which  relaxes  the  fibres  of  the  heart, 
and  renders  them  as  it  were  paralytic  at  the 
end  of  every  fyftole.  Befides  this,  the  flaccid 
appearance  of  this  mufcle,  immediately  after 
its  contraction  is  finifhed,  and  before  its  ven¬ 
tricles  are  filled  with  blood,  demonftrates  be¬ 
yond  all  doubt,  that  its  fibres  are  then  in  a 
ftate  of  relaxation. 

What  has  been  juft  now  faid  of  the  relax¬ 
ation  and  diajlole  of  the  ventricles  of  the  heart, 

is 

*  It  is  a  miftake  to  think,  that  no  blood  is  pufhed  into 
the  ventricles  of  the  heart  during  their  diajlole ,  except 
what  was  contained  in  the  auricles  properly  fo  called.  A 
certain  quantity  of  blood  from  the  finus  venofi  alfo  enters 
them,  without  being  previoufly  received  into  the  auricles  : 
of  this  the  fmallnefs  of  the  left  auricle  alone,  is  a  demon- 
ftration.  We  are  therefore  to  conceive  of  the  blood  du¬ 
ring  the  diajlole  of  the  heart,  as  rufhing  into  its  ventricles, 
both  from  the  auricles  and  firms  venofi ,  and  with  the  uni¬ 
ted  force  arifing  from  its  momentum  in  the  veins  and  the 
contradile  power  of  thefe  hollow  mufcles. 
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is  fo  applicable  to  its  auricles,  that  it  would 
be  quite  fuperfluous  to  fay  any  thing  of  their 
dilatation. 

We  have  already  obferved  that  the 
force  with  which  the  ventricles  of  the  heart 
contract,  is,  c ceteris  paribus ,  always  pro¬ 
portional  to  the  momentum  with  which  the 
blood  flows  into  them,  or,  in  other  words,  to 
the  caufe  dilating  them :  the  fyflole  of  the 
ventricles  will  therefore  be,  c ceteris  paribus , 
always  proportional  to  their  preceding  dia-s 
jlote  s  and  hence  it  is  that  a  full  pulfe  ftrikes 
the  finger  with  fo  much  greater  force  than  % 
fmall  one. 

As  the  left  ventricle  of  the  heart  mull,  on 
account  of  its  fuperior  flrength,  require  a 
greater  force  to  complete  its  diajlole  than  the 
right  ventricle,  the  blood  aught  to  return  to 
it  with  a  greater  momentum  ;  and  that  it  really 
does  fo,  will,  I  prefume,  evidently  appear 
from  what  follows,- — The  force  with  which 
the  blood  returns  to  the  right  ventricle  of  the 
heart  by  the  two  vence  cavce ,  is  in  animals  at 
reft  and  not  agitated  with  convulfions,  ac¬ 
cording  to  Dr.  Hales  s  experiments,  nearly  e- 

qua! 

*  Sect,  iii.  . 
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qual  to  TV°f  the  force  with  which  it  was  pufh- 
ed  by  the  left  ventricle  into  the  aorta ;  /.  e.  in  a 
man  of  an  ordinary  fize,  it  adls  in  dilating  the 
right  ventricle  with  a  force  equal  to  the  pref- 
fure  of  a  column  of  blood  whofe  height  is 
between  8  and  9  inches,  and  whofe  bafe  is 
equal  to  the  internal  furface  of  this  ventricle, 
2.  e .  with  a  force  equal  to  the  preffure  of  a- 
bout  five  pounds  — The  force  with  which 
the  blood  returns  by  the  pulmonary  veins  to 
the  left  ventricle  of  the  heart,  is  not  fo  eafily 
determined  but  that  it  muft  be  very  confi- 
derable,  is  evident,  from  the  preffure  of  the 
air  upon  the  veffels  of  the  lungs  in  refpira- 
lion  ;  the  precife  force  of  which  as  it  is  diffi¬ 
cult  to  inveftigate,  fo  it  is  not  to  be  wondered, 
that  feveral  learned  men  who  have  attempted 
it,  have  fallen  into  miftakes.  It  feems,  how¬ 
ever,  demonftrable,  from  an  experiment  of 
John  Bernouilli ,  that  when  one  endeavours 
to  expire  with  all  his  might,  the  whole  fur- 
face  of  all  the  veficles  of  the  lungs  may  fuf- 
tain  a  preffure  equal  to  420  lib.  weight  •f. 
But  as  this  can  only  happen  upon  the  moft 

violent 

*  Hales9 s  ftatical  eflays,  voh  2.  p.  40. 

f  Muhelkt.  de  feparatione  fluidor.  p. 
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violent  draining,  it  is  of  little  ufe  to  deter¬ 
mine  the  preffure  of  the  air  upon  the  lungs 
in  ordinary  refpiration ;  which  muft  bear  a 
very  fmall  proportion  to  this,  and  is  not  only 
different  in  different  perfons,  according  to  the 
eafe  with  which  they  breathe,  but  vaftly  dif¬ 
ferent  in  the  fame  perfons  at  different  times : 
and  although  the  preffure  of  the  air  upon  any 
particular  portion  of  the  lungs  muft  appear 
to  be  fmall  in  ordinary  refpiration,  if  we  con- 
fider  how  foftly,  and  with  what  eafe  this  is 
carried  on,  yet  the  preffure  upon  the  whole 
internal  furface  of  all  their  veflcles  may  be 
very  conflderable.  Thus,  if  the  force  of  the 
air  rufhing  out  at  the  aperture  of  the  glottis 
in  ordinary  expiration,  be  fuppofed  equal  to 
the  preffure  of  2  grains,  (which  is  far  from  be¬ 
ing  an  extravagant  demand),  then,  fince  fluids 
prefs  equally  on  all  fides,  every  portion  of  the 
internal  furface  of  the  lungs  of  the  fame  di- 
menfion  with  the  aperture  of  the  glottis ,  i.  e. 
every  \  of  a  fquare  inch  of  their  furface  (for 
the  aperture  of  the  glottis  does  not  exceed 
this)  muft  fuftain  at  that  time  a  preffure  from 
the  air  equal  to  2  grains ;  wherefore,  fuppo- 
iing  the  fum  of  the  furface  of  all  the  veficles 

of 
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t)f  the  lungs  in  a  man  to  be  20,000  fquare 
inches,  it  muft,  in  ordinary  exfpiration,  fuf- 
tain  a  preffure  equal  to  320,000  grains,  or 
666  ounces  *.  If  to  this  force  alternately 
prefling  on  the  lungs,  we  add  the  momentum 
which  the  blood  in  the  pulmonary  veffels  has 
from  the  contraction  of  the  right  ventricle  of 
the  heart,  it  will  appear  highly  probable,  that 
this  fluid  returns  by  the  pulmonary  veins  to 
the  left  ventricle  with  a  much  greater  force, 
than  it  did  to  the  right  one  by  the  two  venee 
cavoe* 

But,  to" put  this  matter  beyond  all  doubt, 
we  need  only  compare  the  capacities  of  the  two 
cavce  and  pulmonary  veins.  According  to  the 
meafures  of  the  accurate  Santorini ,  the  area  of 
the  tranfverfe  feftions  of  the  two  vemz  cavce3 
is  to  that  of  the  pulmonary  veins,  nearly  as  3  to 
2  Now  the  momentum  of  the  blood  in  thefe 
different  veffels,  muft  be  as  the  tranfverfe  feCti- 

on  of  the  veffels  multiplied  into  the  fquares  of 

K  the 

*  Dr.  Keil  has  eftimated  the  fum  of  the  furface  of  all 
the  veficles  in  the  human  lungs  to  be  2 1906  fquare  inches  y 
which  computation  is  in  Dr.  Hales’ s  opinion  too  low,  who 
has  determined  this  furface  in  a  calf  to  be  40,000  fquare 
inches.  Hales’ s  ftatical  eflays,  vol.  1.  p,  242*  . 

t  Obfervat,  anatom,  p,  145. 
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* 

the  velocities  :  but  fince  equal  quantities  of 
blood  p'afs  through  them  in  equal  times,  the 
velocities  muft  be  inverfely  as  the  fum  of  the 
tranfverfe  fedtions  ;  therefore  (by  compound¬ 
ing  ratio  s)  the  momenta  will  be  inverfely  as 
the  fum  of  the  fame  tranfverfe  fedtions,  i.  e . 
the  momentum  of  the  blood  in  the  cavoey  ta¬ 
king  Santorini's  meafures  for  a  ftandard,  is 
to  its  momentum ,  in  the  large  trunks  of  the  pul¬ 
monary  veins,  as  2  to  3  :  and  this  upon  the 
fuppolition  that  the  refiftance  to  the  blood’s 
motion  in  the  cavce  and  pulmonary  veins  were 
equal ;  which  however  is  not  the  cafe,  fince 
the  left  ventricle  of  the  heart  muft  require  a 
greater  force  to  complete  its  diafiole  than  the 
right  one,  and  confequently  give  a  greater 
refiftance  to  the  blood  flowing  into  it  from 
the  pulmonary  veins,  than  this  laft  does  to  the 
blood  in  the  cava.  Suppofing  therefore,  with 
Santorini ,  that  the  capacities  of  the  cavee  and 
pulmonary  veins  are  generally  as  3  to  2,  the 
momentum  of  the  blood  in  the  latter,  will  ex¬ 
ceed  its  momentum  in  the  former,  in  a  propor¬ 
tion  fomewhat  greater  than  that  of  3  to  2. 

Mr.  Hehetius ,  ’tis  true,  has  drawn  a  differ¬ 
ent  conclufion  from  the  fmall  capacity  of  the 

pulmonary 
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pulmonary  veins,  when  compared  with  that 
of  the  vena  cava,  or  pulmonary  artery 
viz.  that  the  blood  is  denier  in  the  former  than 
in  the  latter,  but  not  that  its  velocity  is  great¬ 
er  'f ;  and  this  denfity,  he  imagines,  it  chiefly 
acquires  by  being  expofed  to  the  cool  air,  in 
its  paffage  through  the  fmall  veffels  of  the 
lungs.  In  anfwer  to  which,  it  is  fufficient 

for 

*  The  fum  of  the  tranfvetfe  areas  of  the  pulmonary 
veins,  is  not  only  lefs  than  that  of  the  two  cavce,  but  alfo 
]efs  than  the  fum  of  the  tranfverfe  areas  of  the  branches 
of  the  pulmonary  artery,  contrary  to  what  is  obferved 
every  where  elfe  in  the  body.  It  has  been  warmly  dis¬ 
puted,  whether  this  difcovery  was  firfl  made  by  Helve- 
tius  or  TVinJlow ,  or  if  it  does  not  rather  belong  to  Dr. 
Drake ,  who  has  painted  the  branches  of  the  pulmonary 
artery  larger  and  more  numerous  than  thofe  of  the  veins, , 
(anat.  tab.  12.  h  13.) ;  although  he  fays  nothing  of  this 
inequality  either  in  his  defcription  of  the  lungs,  or  in  his 
explication  of  thefe  figures.  This  debate,  of  no  great  im¬ 
portance  indeed,  might  have  been  eafily  decided,  if  the 
perfons  concerned  in  it,  had  looked  into  the  proem  of  Dr, 
Harvey* s  book  de  motu  cordis ,  &c. ;  where  we  find  the 
following  paffage ;  from  which  it  appears,  that  this  fpe- 
ciality  in  the  pulmonary  veins  was  not  unknown  to  that 
illuftrious  author.  cc  Quum  venam  arteriofam,  vas  am- 
<c  plum  magnum  cum  tunica  arteriae  fadlum,  non  nifi  pri- 
<c  vato  &  uni  ufui,  (viz.  alendis  pulmonibus)  deftinarint : 

cur  arteriam  venalem  vix  pari  magnitudine  cum  tunica 
“  venae  molli,  laxa,  pluribus  ufibus,  tribus  vel  quatuor 
£<  videlicet,  fabrefadtam  elfe  afleverant  ?  ” 

t  Memoires  acad.  des  fciences  1718.  edit.  8vo,  p.  281. 
&c. 
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for  our  purpofe  to  obferve,  that  unlefs  the 
blood  is  condenfed  in  the  lungs  into  j-  of  its 
former  bulk,  (a  fuppofition  evidently  ridicu¬ 
lous),  it  muft  needs  flow  through  the  pulmo¬ 
nary  veins,  with  a  greater  velocity,  and  confe- 
quently  with  a  greater  momentum^  than  through 
the  two  cava.  The  fmall  expanfion  and  con- 
denfation  of  water,  oil,  fpirit  of  wine,  and  o~ 
ther  liquors,  in  thermometers,  arifing  from 
conflderable  degrees  of  heat  and  cold,  fhew, 
that  the  cool  air  applied  to  the  furface  of  the 
lungs,  can  have  but  little  influence  in  conden- 
fing  the  blood ;  befides  that  it  feems  not  at 
all  improbable,  that  the  blood  may  acquire  a 
heat  in  the  lungs,  fufficient  to  compenfate  the 
refrigeration  it  is  here  expofed  to.  It  is  ge¬ 
nerally  thought,  and  indeed  not  without  good 
reafon,  that  the  bipod  in  the  pulmonary  veins 
is  fomewhat  denfer  than  in  the  artery  of  that 
name  :  but  this  perhaps  is  not  fo  much  to 
be  afcribed  to  the  coldnefs  of  the  infpired  air, 
as  to  its  prefliire,  and  to  the  adion  of  the  ela- 
ftic  veflels  of  the  lungs. 

If  it  be  objeded  to  what  we  have  offered 
in  proof  of  the  blood’s  returning  with  greater 
force  tp  the  left,  than  to  the  right  ventricle 
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of  the  heart,  That  in  a  foetus  in  utero  this  feems 
not  to  be  the  cafe;  it  maybe  anfwered,  that 
the  ftrength  of  the  left  ventricle  in  a  foetus ,  ex¬ 
ceeds  that  of  the  right  but  little  ;  or  however, 
not  near  fo  much  as  in  adult  animals :  —  that 
the  right  ventricle  not  only  pufhes  part  of  the 
blood  through  the  veffels  of  the  lungs,  but 
alfo  diftributes  a  good  deal  more  than  A  of 
the  whole  mafs  to  the  aorta  and  its  branches  : 

* — that  the  force  of  the  blood  returning  by 
the  two  cavce  to  the  right  ventricle  is  greatly 
leflened,  by  its  having  a  free  palfage  through 
the  foramen  ovale  into  the  left  films  venofus ; 
while  the  blood  by  this  means  enters  the  left 
ventricle,  not  only  with  the  force  with  which 
it  returns  from  the  lungs,  but  alfo  with  a 
great  part  of  that  with  which  it  flows  in  the 
cavce . 

In  fpeaking  of  the  force  with  which  the 
blood  returns  to  the  two  ventricles  of  the  heart, 
we  have  taken  no  notice  of  the  additional 
impetus  communicated  to  it,  by  the  contra¬ 
ction  of  the  auricles  and  finus  venofi>  becaufe 
this  is  common  to  both  ventricles  ;  although 
it  mull  be  confefled,  that  the  right  auricle 
feems  to  be  ftronger,  as  well  as  more  ca- 

,  pacious 
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pacious  than  the  left;  and  perhaps  it  was 
fo  formed,  as  the  blood  returning  with  great 
impetuolity  from  the  lungs,  after  having 
been  intimately  mixed  and  elaborated  there, 
may  not  require  fo  large  an  auricle,  as  the 
venous  blood  of  the  cava,  which  moves 
with  lefs  force,  and  is  compofed  of  parts 
lefs  perfectly  united. 

Upon  the  whole,  if  it  fhall  be  afked,  why 
the  heart  being  a  folitary  mufele,  and  defti- 
tute  of  anyantagonift,  does  not,  like  the  fphin- 
cters,  always  remain  equally  contracted ;  the 
anfwer  is  obvious,  viz.  that  mufcles  brought 
into  action  by  a  j limidus ,  are  immediately  re¬ 
laxed  again  *;  which  relaxation  therefore  hap¬ 
pening  to  the  heart,  the  blood,  in  its  return, 
enters  the  ventricles  with  confiderable  force, 
and,  by  dilating  them,  acts  in  fome  refpect 
as  antagonift  mufcles  do  in  other  parts  of  the 
body;  at  the  fame  time  that,  by  its  gentle  irri¬ 
tation,  it  is  the  caufe  of  their  fubfequent  con¬ 
traction.  The  heart  muft  of  neceffity,  there¬ 
fore,  be  alternately  dilated  and  contracted  fo 
long  as  the  returning  blood  continues  to  be 
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poured  into  its  cavities  *:  nay,  fmce  the  con¬ 
tractions  of  mufcles  from  a  Jlimulus  are  alter¬ 
nately  repeated  both  in  living  and  newly  dead 
animals,  although  the  Jtimulus  is  not  renewed 
after  every  contraction  *f*,  and  lince  the  heart 
continues  to  vibrate  for  fome  time  after  in¬ 
jecting  warm  water  or  air  into  its  cavities,  it  is 
highly  probable,  that  the  irritation  of  the  re¬ 
turning  blood  in  a  found  ltate,  is  capable  of 
making  it  perform  not  only  one,  but  feveral 
contractions ;  which  feems  to  be  confirmed 
by  the  heart’s  ftill  palpitating  after  the  vena 
cava  and  pulmonary  veins  have  been  tied,  and 
confequently  after  the  blood  is  intercepted ; 
though  indeed  it  maybe  alledged,  that,  in  this 
laft  inltance,  the  pullations  are  partly  owing 
to  the  irritation  communicated  to  the  heart  by 
the  ligature  made  on  thefe  veflels.  Perhaps, 
when  a  Jlimulus  is  very  flight,  it  may  caufe 
only  one  Angle  contraction  of  a  mufcle  $  but 
when  it  is  greater,  it  will  produce  repeated  con- 
vulfions,  and  always  the  more,  the  ftronger 
it  is.  The  aCtion  therefore  of  the  returning 
blood  upon  the  auricles  and  ventricles  of  the 

heart 

*  Seft.  i.  N°  12. 13,  &  14. 
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heart  in  living  animals,  may  be  fuppofed  not 
only  to  excite  them  once  into  contraction,  but 
likewife,  without  the  acceffion  of  new  blood, 
or  any  other  ftimulu$y  to  caufe  fome  fubfequent 
vibrations,  always  indeed  decrealing  in  force 
and  frequency ;  but  as  in  the  intervals  of  thefe 
vibrations,  the  heart  is  again  filled  with  blood, 
its  alternate  contractions  being  always  folici- 
ted  by  a  new  caufe,  do  not  become  weaker  or 
flower,  but  continue  the  fame,  while  the 
quantity  and  quality  of  the  blood  are  unva-* 
ried. 

It  can  be  no  juft  objection,  therefore,  to  our 
account  of  the  heart’s  motion,  that  in  many 
animals  newly  killed,  this  mufcle,  by  fepara- 
ting  it  from  the  body,  or  otherwife  ftimula- 
ting  it,  is  excited  into  alternate  contractions, 
which  continue  to  be  repeated  for  a  confider- 
able  time,  though  the  JUmulus  be  not  renew¬ 
ed;  fince  the  motions  of  mufcles  arifing  from 
this  caufe,  do  not  ceafe  immediately  upon  its 
removal,  but  decreafe  in  ftrength  and  quick- 
nefs  by  flow  degrees,  before  they  quite  difap- 
pear  nor  ought  we  to  be  furprifed  that  the 

violent 

*  Vid.  Sect.  i.  N°  ii.  &  SeCt.  xiii.  where  the  motion  of 
the  heart  after  death,  or  its  reparation  from  the  body,  is 
particularly  inquired  into. 
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Violent  irritation  from  pricking  and  tearing 
the  fibres  of  the  heart,  or  cutting  its  large 
veffels,  makes  it  repeat  its  vibrations  more 
frequently,  and  continue  them  for  a  much 
longer  time,  than  the  gentle  Jiimulus  of  the 
returning  blood. 

At  what  time  the  motion  of  the  heart  be- 
gins  in  nafcent  animals,  and  what  is  the  caufe 
which  firft  fets  it  a-going,  are  queftions  not 
ufually  inquired  into,  nor  indeed  eafily  an- 
fwered ;  although  the  fecond  feems  to  admit 
of  a  much  eafier  folution  than  the  firft. 

If  all  the  parts  and  organs  pre-exift  in  mi¬ 
niature  in  the  animalcle  in  femine>  it  will  fcarce 
be  difputed,  that  while  it  fwims  in  this  liquor, 
the  fluids  are  propelled  through  its  veffels  by 
the  adtion  of  its  heart,  and  circulate  in  the 
fame  manner  as  in  the  foetus  in  utero .  If  the 
heart  does  not  pre-exift  in  the  animalcle,  but 
is  formed  after  conception,  then  the  begin¬ 
ning  of  its  motion  muft  be  later.  But,  be 
this  as  it  will,  we  know  that  in  impregnated 
eggs,  the  animalcle  lies  in  a  death-like  ftate, 
refembling  that  of  many  infedts  and  fome  lar¬ 
ger  animals  in  winter  %  and  that  its  heart  re¬ 
mains  at  reft,  till  by  the  heat  of  incubation  it 

L  is 
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5s  roufed  into  adion :  after  the  motions  of  the 
chick’s  heart  become  vifible,  they  may  be  ren¬ 
dered  more  lively  or  languid  by  a  greater  or 
lefs  degree  of  warmth  9  nay  may  be  made  en¬ 
tirely  to  ceafe  by  cold,  and  be  as  quickly  renew¬ 
ed  again  by  heat  Hence  it  follows,  that 

though  it  be  not  certain  when  the  heart  be- 

,  ■  \ 

gins  firft  to  move  in  nafcent  animals,  yet  the 
caufe  which  fets  it  firft  a-going,  and  recom¬ 
mences  its  motions  after  being  ftopt,  is  heat, 
which,  by  rarifying  and  agitating  with  an  in- 
teftine  motion  the  particles  of  the  fluids,  en¬ 
ables  them  to  ftimulate  its  fibres  into  contra- 


SECT.  V. 

Of  the  motions  of  the  alimentary  canals  and 
bladder  of  urine . 

HAving  thus  accounted  for  the  alternate 
contradion  and  relaxation  of  the  heart ; 
we  come  next  to  inquire  into  the  caufe  of  the 

other 

*  Harvey  de  generation,  animal,  exorcitat.  17. 
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other  in  voluntary  motions;  andfhall  begin 
with  thofe  of  the  alimentary  tube. 

In  deglutition  the  contraction  of  the  mu- 
fcles  which  pull  up  the  larynx  and  os  hyoides, 
and  fo  pufti  the  bolus  into  the  dilated  pharynx , 
is  generally  fpontaneous,  and  owing  to  the  ir¬ 
ritation  of  the  fenfible  membrane  of  the  fau¬ 
ces,  by  the  food  paffing  this  way.  In  like 
manner  no  fooner  is  the  aliment  received  into 
the  pharynx,  than  this  mufcular  tube  contracts, 
and,  embracing  it  clofely,  pufhes  it  on  to  the 
cefophagus ,  which  having  its  nerves  irritated, 
and  its  fibres  ftretched  by  the  food  in  its  de- 
feent,  makes  each  ringlet  of  this  tube  contract 
itfelf,  and  fo  tranfmit  the  bolus  to  the  next,  till 
at  laft  it  is  pufhed  into  the  ftomach. 

The  aliments  which  are  generally  compo- 
fed  of  parts  fit  to  aCt  as  a  gentle  fiimulus  on 
the  fenfible  membranes  of  animals,  are  no 
fooner  received  into  the  ftomach,  than,  by  its 
heat  and  motion,  as  well  as  the  aCtion  of  the 
humours  flowing  into  it,  they  begin  to  fwell, 
and  continue,  during  the  whole  time  of  their 
diftolution,  to  emit  bubbles  of  elaftic  air  :  at 
the  fame  time,  the  cool  air  fwallowed  every 
now  and  then  with  the  faliva ,  is  quickly  ra^ 

rifled 
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rifled  by  the  heat  of  the  ftomach.  Here  then 
we  fee  in  the  aliments,  air  and  humours,  caufes 
which  may  gently  ftimulate  the  nervous  papil¬ 
la  of  the  ftomach,  and  ftretch  its  fibres  fo  as 
to  excite  them  into  contraction  :  and  this  ex¬ 
actly  agrees  with  JVepfer  s  obfervations,  which 
fhew,  that  the  contraction  of  the  ftomach  ne- 
ver  happens  but  in  confequence  of  a  preced¬ 
ing  intumefcence.  Motum  ventricidi ,  fays  this 
author,  oculis  obfervare  licet  in  vivarum  be- 
fiiarum  anatome ,  &  non  femel  vidi  ilium 

confringi  lent e  verfus  fiomachum  fubfequente 
c vomitu ,  aut  verfus  pylorum  contentis  in  duo¬ 
denum  explofis ;  nonnunquam  gracilior  &  bre~ 
vior  reddebatur ;  mox  iterum  intumuit ,  fub¬ 
fequente  rurfus  nova  coardlatione ,  qua  vel  ver¬ 
fus  pylorum  vel  fiomachum  progrediebatur 
And,  in  another  place,  ^uando  vero  circa 
medium  fe  contraxerat  (fciL  ventri cuius)  mo- 
tus  lente  verfus  pylorum  procedebat ,  illeque 

erigebatur  iiquorque  fubpallidus ,  nunc  fpumeT 
us  nunc  vifcidus ,  quandoque  fenfim  aliquando 
cum  impetu  protrudebatur :  confiriclo  pylon Q 
rurfus  intumuit  totus  ventri cuius  >  moxque  rur¬ 
fus  circa  medium  fe  confirinxerat>  novufque  li¬ 
quor 


%  Hiftor.  cicut.  aquat  p.  87. 
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quor  per  pylorum  ejiciebatur  Thus  we  find 
the  diajlole  of  the  ftomach  always  fucceeded 
by  its  contraction,  which  expelling  by  the 
pylorus ,  the  diftending  caufe,  /.  e.  part  of  the 
air  and  aliments,  the  fibres  of  this  bowel  are 
immediately  relaxed,  fo  as  eafily  to  give  way 
to  the  diftending  force  of  the  rarified  air  ari- 
fing  from  the  aliments,  and  thus  to  fuffer  a 
new  diajlole  •>  which,  as  before,  is  foon  fol¬ 
lowed  by  a  new  contraction.  Hence  there 
appears  a  remarkable  analogy  between  the 
caufes  of  the  alternate  motions  of  the  ftomach 
and  heart,  even  in  thofe  animals  whofe  make  as 
to  thefe  parts  agrees  with  that  of  the  human 
kind ;  but  which  is  ftill  ftronger  in  granivorous 
birds,  whofe  ftomach  more  nearly  refembles 
the  heart  in  its  ftructure,  and  in  the  force  of 
its  motions^. 

If  it  be  afked,  why  the  ftomach  is  not 
brought  into  a  new  contraction  by  the  ftimu- 
lating  quality  of  its  contents,  before  a  new 

intumefcence 

*  Hiftor.  cicut  aquat.  p.  1 77 

■f  The  fmall  rough  ftones  which  granivorous  birds  fwal- 
low,  are  not  only  ufeful  to  break  and  grind  their  food,  but 
alfo  to  excite  their  lefs  fenfible  ftomachs  into  proper  con-, 
tractions  ;  for  thefe,  on  account  of  the  hard  fkin  which 
lines  them,  would  be  little  affected  by  the  diffolving  ali¬ 
ments  and  rarified  air,  without  the  attrition  of  thofe  ftones. 
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Intumefoence  of  it  has  happened;  it  is  fuf~ 
ficient  to  anfwer,  that,  in  order  to  excite  a 
new  contraction  of  the  ftomach,  or  hinder  its 
yielding  to  the  dilating  force  of  the  rarified 
air,  the  gentle  ftimulus  of  the  aliment  may 
require  the  additional  irritation  which  the 
diftraCtion  of  its  fibres  produce,  Befides,  as 
the  convulfive  contractions  of  the  diaphragm 
which  happen  in  confequence  of  an  irrita¬ 
tion  of  the  left  orifice  of  the  ftomach,  do 
not  follow  one  another  very  quickly,  al¬ 
though  the  ftimulating  caufe  continues  to 
operate,  but  after  longer  or  lb  or  ter  intervals, 
according  as  the  irritation  is  weaker  or  ftrong- 
er ;  fo  in  the  fame  manner,  after  one  con¬ 
traction  of  the  ftomach  is  over,  fome  time 
may  be  required  for  the  ftimulating  caufe  to 
aCt,  before  a  new  contraction  is  produced. 

That  the  ordinary  vermicular  motion  of 
the  ftomach  is  chiefly  owing  to  the  ftimula¬ 
ting  quality  of  its  contents,  is  confirmed  by 
a  variety  of  faCts :  thus  when  any  thing  is 
received  into  the  ftomach,  which,  ftrongly 
irritates  or  difagreeably  affeCts  its  nerves, 
it  is  thrown  into  convulfive  contractions, 
which  are  renewed,  after  fhort  intervals,  till 

the 
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the  offending  caufe  is  either  quite  expelled, 
or  greatly  weakened.  On  the  other  hand,  0- 
pium ,  which  renders  ourfibres  and  nerves  in- 
fenfible  of  an  irritation,  has  of  all  things 
the  greateft  power  to  quiet  convulfive  and  ir¬ 
regular  motions  of  the  ftomach.  At  the 
fame  time  the  naufea  and  vomiting,  which  are 
brought  on  by  fuddenly  drinking  too  great 
;a  quantity  of  the  mildeft  liquids,  fhew  that  the 
iimple  intumefcence  or  diftenfion  of  the  fto- 
nmach,  conduces  to  its  contraction  indepen¬ 
dent  of  any  Jiimulus  affecting  its  nervous 
wafillce. 

The  vermicular  motion  of  the  guts,  is  quite 
a-kin  to  that  of  the  ftomach,  and  produced 
by  the  fame  caufes.  Small  quantities  of  rari- 
tfied  air  and  digefted  aliment  are  pufhed  from 
one  portion  of  the  inteftinal  tube  into  the  next, 
and  from  this  again  into  the  fucceeding  one, 
and  fo  on  ;  L  e .  the  part  dilated  by  the  air 
and  aliments  acquires  fuch  a  power  of  contra¬ 
ction,  as  to  overcome  the  elafticity  or  contra¬ 
ct  ile  power  of  the  contracted  part  next  it 
Whence  fhould  this  happen  ?  It  cannot  be 
owing  to  the  more  copious  influx  of  arterial 
blood  into  the  veffels  of  the  diftended  feg- 

meat. 


ment,  as  Dr.  Stuart  would  perfuade  us  *  j 
fince  it  appears  that  this  fluid  does  not  imme¬ 
diately  conduce  to  the  contraction  of  a  mu- 
fcle  -f*. — There  is  no  reafon  to  imagine,  that, 
on  account  of  any  alternate  compreflion  of 
their  nerves,  the  animal  fpirits  flow  into  the 
guts  in  fucceflive  ftreams :  nor  would  this,  if 
fuppofed,  anfwer  the  phenomena  $  fince  the 
whole  inteftinal  tube  is  not,  like  the  heart, 
alternately  contracted  and  relaxed,  but,  as  to 
time,  is  altogether  irregular  in  the  motions  of 
its  feveral  parts.  It  remains  therefore  that 
the  diftraCtion  of  the  fibres  of  the  inflated  part 
of  the  gut,  together  with  the  Jiimulus  of  the 
bile,  air,  and  digefted  aliments  which  it  con¬ 
tains,  is  the  caufe  of  its  fubfequent  contraction. 
And  furely,  if  warm  air  impelled  through  the 
vena  cava ,  or  thoracic  duCt,  into  the  heart  of 
an  animal  newly  killed,  excites  it  into  con¬ 
traction,  it  may  reafonably  be  fuppofed  to 
have  an  equal  effeCt  on  the  ftomach  and  in- 
teflines,  between  whofe  motions  and  thofe  of 
the  heart  there  is  a  ftrong  analogy. 

We  have  already  feen  from  Wepfer ,  that,  by 

every 

*  Differt.  de  motu  mufcul.  cap.  12, 
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every  contraction  of  the  ftomach,  fome  part 
of  the  more  liquid  aliment  and  rarified  air  is 
pufhed  through  the  pylorus  into  the  duodenum , 
which,  not  finding  a  free  paflage  through  this 
gut,  on  account  of  its  valves  and  the  natural 
contractility  of  its  coats,  will  dilate  that  part 
of  it  next  the  ftomach,  and  confequently  ex¬ 
cite  it  into  contraction,  by  which  its  contents 
will  be  tranfmitted  to  the  next  portion  of  this 
gut,  and  fo  on  through  the  whole  traCt  of 
the  jejunum  and  ileum,  where  the  valves  be¬ 
ing  larger,  will,  by  flopping  the  progrefs  of 
the  chyle  and  rarified  air,  occafion  more  re¬ 
markable  intumefcences,  and  confequently 
ftronger  fucceeding  contractions. 

It  will  further  appear,  that  the  periftaltic 
motion  of  the  guts,  is  owing  to  digefted  ali¬ 
ment,  bile  and  rarified  air,  aCting  upon  them 
as  a  jlimulus ,  if  we  confider  that  purgatives, 
which  aCt  chiefly  by  vellicating  the  infide  of 
the  guts,  greatly  increafe  this  motion :  - — — 
that  in  animals  opened  alive,  the  inteftines 
are  excited  into  ftronger  contractions,  by 
pricking  them  with  a  fharp  inftrument,  or 

applying  any  acrid  liquor  to  them  : - -*•  that 

fuch  things  as  render  our  nerCes  and  fibres 

M  lefs 
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lefs  fenfible  of  any  irritation,  leffen  or  de- 
ftroy  the  periftaitic  motion  of  the  guts  ;  thus 
Dr.  Kaau  not  only  found  the  vermicular  mo¬ 
tion  of  the  inteftines  extremely  weakened  and 
flow,  in  a  dog  to  whom  he  had  given  fix 

grains  of  opium  y  but  that  pricking  their  ex- 

/ 

ternal  furface  with  the  point  of  a  needle,  did 

not  fenfibly  increafe  it  f  :  — - and,  laftly, 

that  when  the  bile  from  any  caufe  becomes 
inert,  or  is  hindered  from  flowing  into  the 
guts,  coftivenefs  generally  follows*  Nay, 
that  the  flimulus  of  the  bile  is  in  a  particular 
manner  neceffary  to  the  right  performance  of 
the  periftaitic  motion,  and  that  without  it  the 
guts  would  not  be  able  fufficiently  to  refill  the 
diflending  power  of  the  rarified  air,  feems 
highly  probable  from  the  remarkable  inflation 
of  the  inteftines  in  fuch  as  die  of  an  inveterate 
jaundice ;  and  from  the  hiftory  given  by  Dr. 
Stuart ,  of  one  who  died  of  a  wound  of  the 
gall-bladder,  who  was  not  only  incurably  co- 
ftive,  but  whofe  guts  were  fo  diftended  with 
air,  that  before  opening  him  a  tympany  was 
fufpedted 

While 

*  Impet.  faciens,  di&um  Hlppocrat .  N°.  435, 
f  Philofoph.  Tranf.  ^414, 
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While  the  chyle  is  taken  up,  as  it  paf- 
fes  along,  by  the  IaCteal  and  abforbent  veins 
of  the  fmall  guts,  the  grofler  and  lefs 
nutrititious  parts  of  our  humours  and  ali¬ 
ments  are  tranfmitted  from  the  ileum  by  the 
valve  of  the  colon  into  the  great  guts,  where 
they  remain  for  fome  time  without  giving  any 
•difturbance ;  till,  by  the  prefiiire  of  the  dia¬ 
phragm  and  abdominal  mufeles  in  relpiration, 
(together  with  the  gentle  contractions  of  the 
guts  therhfelves,  they  are  puttied  into  the 
Tedium.)  where,  partly  by  their  acrimony,  but 
chiefly  by  their  weight  and  bulk  overftretch- 
Eng  its  fibres,  they  excite  this  gut  into  ftrong 
contractions,  and  bring  on  an  infuperable  de- 
fire  of  emptying  it.  When  any  acrid  matter 
lodged  in  the  plicee  of  the  recium ,  irritates  its 
nervous  papittce ,  as  in  a  ienefmm ,  its  mufcular 
coat  is  excited  into  frequent  and  ftrong  con¬ 
tractions,  and  there  is  almoft  a  perpetual  de- 
ure  of  going  to  ftooL  This  is  beft  cured  by 
oily  and  mucilaginous  clyfters,  with  opium ; 
which  at  the  fame  time  that  they  fheathe  the 
acrimony,  blunt  alfo  the  fenfe  of  pain. 

The  bladder  of  urine  Is  a  hollow  mufcle, 
which  being  deftitute  of  any  proper  .antago- 

!  nift. 


92  Ofjhe  Vital  and 

nift,  would  always,  if  not  hindered  by  fome 
foreign  caufe,  reduce  itfelf  to  its  fmalleft  ca¬ 
pacity,  by  means  of  that  natural  contraction 
which  is  owing  to  the  force  of  the  circulating 
fluids,  the  elafticity  of  its  fibres,  and  the  con- 
ftant  but  gentle  operation  of  the  nervous  in-* 
fluence  upon  them  This  contractile  power 
of  the  bladder,  whereby  it  reduces  itfelf  to  its 
fmalleft  fize,  is  overcome  by  the  urine  gra¬ 
dually  dropping  into  its  cavity  from  the  ure¬ 
ters  5  which  at  length,  by  overftretching  its 
coats,  excites  them  into  flrong  contractions  $ 
but  thefe  being  of  themfelves  unable  to  over¬ 
come  the  fphinSter ,  the  diaphragm,  abdomi-r 
nal  mufcles,  and  levatores  ani,  are  called  in 
to  their  aid :  however,  after  the  fphinSter  is 
opened,  the  contractile  power  of  the  bladder 
alone  is  fiifficienfc  to  expel  the  whole  urine. 

This  fluid,  though  fenfibly  acrid,  does 
not,  when  accumulated  in  the  bladder  of 
a  healthy  perfon,  give  uneafinefs  fo  much  by 
the  irritation  of  its  nervous  papilla,  as  by  o- 
verftretching  its  fibres ;  but  when  the  mu¬ 
cus,  deftined  to  defend  thefe  nerves  from  the 
acrimony  of  the  urine,  is  abraded,  or  when 
the  inner  coat  of  the  bladder  is  inflamed  or 

excoriated, 
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excoriated,  no  fooner  does  the  urine  begin 
to  be  collected,  than,  by  fretting  this  tender 
and  extremely  fenlible  part,  it  brings  the 
mufcular  coat  of  the  bladder  into  ftrong 
convulfive  contractions,  and  along  with  it 
the  diaphragm  and  abdominal  mufcles ;  hence 
in  fuch  cafes  the  patient  is  affiidted  with  a 
violent  and  almoft  conftant  defire  of  paffing 
his  urine,  while  in  the  mean  time  there  are 

1 

only  a  few  drops  to  be  expelled.  Mares  and 
cows,  after  evacuating  their  urine  are  obfer- 
ved  for  fome  time  alternately  to  contract  and 
relax  their  urethra  and  fphinffier  ‘vejicce  ;  at  iirft 
very  brilkly,  afterwards  more  weakly  and 
with  longer  intervals  between  each  contra-* 
£tion.  Thefe  motions,  which  feem  to  be  of 
the  fpontaneous  kind,  are  folely  owing  to  the 
irritation  of  the  parts  by  the  urine  5  and  it 
is  a  proof  of  this,  that  as  the  uneafy  fen- 
fation  begins  to  abate,  fo  does  the  force  and 
quicknefs  of  thefe  motions. 
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Of  the  motions  of  the  b!ood-veJJelsy  and  federal 


others  of  the  fpontaneous  kind . 


He  moft  remarkable  of  the  fpontaneous 


dL  motions  which  remain  to  be  accounted 
for,  are  the  alternate  jyftok  and  diaflde  of  the 
arteries ;  the  lefs  perceptible  motion  of  the 
veins  $  the  ofcillatory  contractions  of  the  final-' 
ler  veffels  ;  the  ereCtion  of  the  penis  $  the  con^ 
vulfive  motions  of  the  mufculi  accelerators 
rince  in  coition  ;  the  motions  of  the  fallopian 
tubes,  whereby  they  embrace  the  ovariay  and 
convey  the  ovum  to  the  womb ;  the  alternate 

I 

aftion  of  the  mufcles  of  refpiration ;  their 
convulfive  motions  in  coughing  and  fneezing  * 
and  the  contraction  of  the  pupil  and  mufcles 
of  the  internal  ear,  in  order  to  adapt  thefe 
organs  exaCtly  to  the  degree  of  light  and 
found  applied  to  them, 

i.  The  diaftole  of  the  arteries  is,  like  the 
dilatation  of  the  heart,  owing  to  the  blood 
pufbed  into  their  cavity,  with  a  confiderable 
force,  and  their  fyflole  or  fucceeding  contra-* 


Ction 
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Ction  is  effected  chiefly  by  their  elafticity,  and 
partly  by  the  proper  contraction  of  their  mu- 
fcular  coat,  excited  by  the  blood  gently  Simu¬ 
lating  their  internal  furface,  at  the  fame  time 
that  it  diftraCts  their  fibres.  That  the  fyjlole 
of  the  arteries  is  not  wholly  owing  to  the  ela¬ 
fticity,  but  alfo  to  the  mufcular  contraction 
of  their  fibres,  is  generally  acknowledged  by 
Phyfiologifts ;  and  that  the  blood  alternately 
pulhed  into  them  and  aCting  as  a  Jiimulus ,  ex¬ 
cites  this  mufcular  contraction,  the  analogy 
of  the  heart,  and  other  fpontaneous  motions, 
already  explained  feems  fully  to  evince, 

2.  Beside  the  alternate  diajlole  and  fyftole  of 
the  larger  arteries,  which,  in  a  great  meafure, 
•depend  upon  the  projeCtile  force  of  the  heart, 
and  the  elafticity  of  their  coats,  there  is  a  vi¬ 
brating  or  ofcillatory  motion  in  the  inferior  or¬ 
ders  of  veflels,  to  which  the  direCt  force  of  the 
heart  does  not  reach,  and  where  elafticity  is 
aio  way  concerned.  And  as  the  food  is  con¬ 
ducted  from  the  mouth  through  the  whole 
courfe  of  the  alimentary  canal,  by  its  exci¬ 
ting  the  mufcular  coat  of  this  tube  into  con¬ 
tractions,  as  it  paffes  along;  fo  the  motion  of 
I  the 
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the  fluids  through  the  inferior  orders  of  vef- 
fels  and  fecretory  tubes  of  the  glands,  to  ma¬ 
ny  of  which  the  impulfive  force  of  the  heart, 
feems  not  to  extend,  is  chiefly  carried  on  by 
the  vibrating  contractions  of  thefe  veflels,  ex¬ 
cited  by  the  gentle  fiimulus  of  the  circulating 


fluids 


3.  As  the  fmaller  veflels,  though  deftitute 
of  any  alternate  pulfation  depending  upon  the 
contraction  of  the  heart,  are  neverthelefs  a- 
gitated  with  a  kind  of  ofcillatory  motion  ;  fo 
it  is  highly  reafonable  to  think,  that  the  veins 
are  not  inactive  canals,  but  fo  affeCted  by  the 

fimulm 

*  In  an  e'flay  on  the  motion  of  the  fluids  through  the 
fmaller  veflels  of  animals,  read  at  feveral  meetings  of 
the  Philofophical  Society  in  this  place,  in  the  years  1 745 
and  1746,  I  have  fhewn  at  great  length,  that  the  circu¬ 
lation  of  the  juices  in  the  inferior  orders  of  veflels,  and 
particularly  in  the  fecretory  tubes  of  the  brain,  cannot 
be  accounted  for,  merely  from  the  projectile  force  of  the 
heart  and  alternate  fyjlole  of  the  larger  arteries ;  but  muft 
in  a  great  meafure  depend  upon  the  ofcillatory  motions 
or  fmall  alternate  contractions  of  thefe  veflels,  which  in 
fome  animals  may  be  difcerned  by  the  microfcope  ;  and 
which  have  neither  been  rightly  derived  from  the  ofcilla- 
tions  of  the  dura  mater ,  nor  from  the  alternate  motions  of 
the  heart  and  larger  arteries ;  being  folely  owing  to  the 
gentle  titillation  of  the  fluids,  as  they  glide  along  the  Aides 
of  the  veflels,  whofe  fibres  are  fo  conftituted,  as  to  be  ex¬ 
cited  into  contraction  by  the  fmallelt  irritation* 
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Jlimidus  of  the  circulating  blood,  as  to  have 
their  mufcular  coat  excited  into  alternate,  but 
weak  contractions,  by  means  of  which  the 
return  of  this  fluid  to  the  heart  is  confiderably 
promoted*  As  a  proof  of  this,  the  vena  cava 
may  be  plainly  feen  to  contract  alternately  in 
dying  animals  whofe  thorax  is  laid  open*;  tho" 
it  is  probable  that  the  motions  of  this  vein 
near  the  heart,  are  more  remarkable  than 
elfewhere,  on  account  of  feme  kind  of  alter-* 
nate  depletion  which  it  fuffers.  And  may  not 
the  vena  cava  continue  to  palpitate  longer  than 
the  heart  in  dying  animals,  becaufe,  after  the 
circulation  of  the  blood  through  this  organ 
has  ceafed,  it  is  ftill  transmitted  in  fmall  quan-* 
tity  from  the  arteries  into  the  nafeent  veinSj, 
and  confequently  into  the  cava ;  which  being 
therefore  longer  fupplied  with  the  caufe  exci¬ 
ting  its  motions,  muft  continue  them  longer  ? 

Hence  we  fee  that  the  fluids  are  in  fome 
fenfe  the  caufe  of  their  own  motion  ;  fince, 
without  their  ftretching  power  and  ftimula- 
ting  quality,  the  heart  and  arteries,  however 
Well  fitted  for  mufcular  contraction,  would  re¬ 
main  altogether  unaCtive  and  at  reft :  and  that 

N 

'  Sect.  xiii.  16,  below* 
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as  the  contradtile  power  of  the  folids  is  alto¬ 
gether  neceffary  to  carry  on  the  vital  functi¬ 
ons,  fo  likewife  is  the  adtion  of  the  fluids- 
upon  the  folids,  in  order  to  excite  their  mu- 
fcular  power  into  adtion.  Hence  alfo  we 
may  eafily  under  ftand  how  it  is  that  heat  has 
fo  great  an  influence  in  promoting  the  cir¬ 
culation  of  the  fluids,  that  infedts  and  many 
other  animals,  after  they  are  to  all  appearance 
dead,  may  be  quickly  brought  to  life  by  it. 
Heat,  by  railing  an  inteftine  motion  and  brifk 
vibrations  in  the  particles  of  the  fluids,  muft 
neceflarily  communicate  fome  degree  of  irri¬ 
tation  to  the  fenfible  veflels  ;  and  thus  bring 
them  into  alternate  contractions. 

4.  The  eredtion  of  the  penis  has  been  gene¬ 
rally  afcribed  to  the  contraction  of  the  mufcles 
called  ere  Bores ;  yet  as  their  fituation  is  fuch, 
that  the  veins  of  the  penis  can  fcarcely  be  af- 
fedted  by  their,  adtion,  and  as  an  eredtion  of 
this  member  cannot  be  procured  at  pleafure, 
by  ftrongly  preffing  it  againfl:  the  os  pubis ,  fe- 
veral  later  authors  feem  juftly  to  have  rejedted 
this  opinion,  but,  as  far  as  I  know,  without 
fubftituting  any  thing  fatisfadtory  in  its  place. 
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But  as  the  tafte,  nay  even  the  fight  or  re¬ 
membrance  of  grateful  food,  caufes  to  a  hung¬ 
ry  perfon  an  uncommon  flow  of  faliva  into  the 
mouth,  by  increafing  the  ofcillatory  motions  of 
the  falivary  veflels  [N°  2.] ;  fo,  why  may  not 
the  Jlimulus  of  the  feed  in  the  'vejiculce  femimles, 
or  the  fight,  nay  even  the  recalled  idea  of  la- 
fcivious  objefts,  caufe  a  more  than  ordinary 
flow  of  blood  through  the  ^fmall  arteries  of 
the  penis,  by  greatly  increafing  their  vibrating 
contra&ions  ?  If  this  happens,  the  fmall  ca¬ 
pillary  red  arteries  will,  by  the  increafed  mo¬ 
mentum  of  the  fluids,  be  all  enlarged,  and  the 
ferous  ones,  at  leaft  many  of  them,  will  be 
rendered  capable  to  admit  red  blood :  thofe 
arteries  which  end  in  veins,  will  tranfmit  their 

1 

fluids  to  them  as  ufual,  only  with  greater  im~ 
petuofity,  while  fuch  as  terminate  with  open 
orifices  in  the  cells,  will,  through  their  di¬ 
lated  mouths,  pour  forth  not  only  a  ferous 
or  lymphatic  fluid,  as  ufual,  but  alfo  red  blood 
itfelf;  which  not  being  faft  enough  carried  off 
by  the  abforbent  veins,  whofe  orifices  are  not 
enlarged  proportionally  with  thofe  of  the  ar¬ 
teries,  muft  fill  and  diftend  thefe  cavities,  and 
consequently  produce  an  erection  of  the  penis . 

\  As 
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As  foon  as  the  caufes  exciting  an  uncommon 
ofcillatory  motion  in  the  fmall  veffels  of  the 
yard  ceafes,  it  begins  to  fubfide,  becaufe  the 
fluids  are  now  poured  in  much  lefs  quantity 
into  its  cells, 

Th  is  account  of  the  erection  of  the  penis 
feems  to  be  much  more  agreeable  to  the  laws 
of  the  animal  oeconomy,  than  that  propofed 
by  Duvernoi* ,  and  embraced  by  Dr,  Haller 
who  fuppofes  that  the  fmall  veins  of  the  penis 
may  be  fo  ftraitened,  by  I  do  not  know  what 
conftriftion  of  the  nervous  filaments  fur¬ 
rounding  them,  as  in  a  great  meafure  to  pre¬ 
vent  the  return  of  their  blood.  Vieufens  is 
the  firft  who  confidered  the  nerves  which  in 
fome  places  appear  to  furround  the  blood-vef- 
fels  as  fo  many  fmall  cords,  capable  of  con- 
drifting  them  more  at  one  time  than  another, 
and  confequently  of  producing  remarkable 
changes  in  the  circulation.  Thus  he  deduces 
the  paleneis  of  the  face  in  fome  paffions,  and 
its  rednefs  in  others,  from  the  nerves  ftrait- 
ening  the  carotid  arteries  in  the  former,  and 

the 

*  Aft.  Petropolitan.  tom.  2.  p.  379.  383.  384, 
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the  jugular  veins  in  the  latter  cafe  *.  However, 
none  of  the  authors  now  mentioned,  have  con- 
defcended  to  fliew  us  how  the  nerves  can  be 
fo  drawn  as,  like  a  ligature,  to  ftraiten  the  vef- 
fels  which  they  encompafs,  Nor  indeed  can 
this  be  eafily  conceived.  There  is  no  exam¬ 
ple  to  be  found  of  any  motion  or  adtion  in  the 
animal  body  being  performed  by  the  tradtion 
or  conftridtion  of  nerves,  whofe  office  is  not 
to  be  drawn  or  rendered  more  tenfe  at  one 
time  than  another,  but  to  fupply  the  mufcu- 
lar  fibres  everywhere  through  the  body,  with 
that  influence  or  power  which  feems  to  be  im¬ 
mediately  neceflary  to  their  contradtion :  but, 
by  the  increafed  ofcillatory  motion  of  the  fmall 
vefiels,  which  we  have  affigned  as  the  caufe  of 
the  eredtion  of  the  penis  y  we  daily  obferve  a 
variety  of  fudden  and  furprifing  changes  pro¬ 
duced  in  the  circulation.  To  this  is  to  be  a- 
fcribed  the  profufe  fecretion  of  pale  limpid  u- 
rine,  to  which  hyfterical  people  are  fo  liable ; 
as  alfo  the  great  difcharge  of  tears  from  the 
lachrymal  veffels,  in  people  affedledwith  great 
joy  or  grief.  And  the  blufhing,  or  rednefs 
and  glowing  warmth  of  the  face,  which  at¬ 
tends 

Neurograph,  lib,  hi,  cap.  iy.  p.  182. 
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tends  a  fenfe  of  diame,  is  not  owing  to  the 
condridtion  of  the  temporal  veins  by  means 
of  the  nervous  filaments  from  the  portio  dura , 
which  furround  them  *,  but  to  an  increafed 
ofcillatory  motion  of  the  fmall  velfels  of  the 
face,  which  in  mod  people,  more  or  lefs,  ac¬ 
companies  a  confcioufnefs  of  fhame  :  for  as 
the  rofy  colour,  and  fudden  warmth,  which 
are  the  neceffary  confequences  of  the  increa¬ 
fed  motion  of  the  blood  in  the  fmaller  veffels, 
ill  agree  with  the  dagnation  of  this  fluid,  as 
arifing  from  any  comprefiion  of  the  temporal 
veins' ;  fo  their  being  often  diffufed  over  the 
neck  and  bread:,  clearly  fhews  that  they  can't 
proceed  from  this  caufe.  Why  this  affedtion 
of  the  mind  fhould  produce  fuch  a  change  in 
the  circulation  of  the  blood  in  thofe  parts  ra¬ 
ther  than  any  other,  we  don't  pretend  to  fay. 
Sufficient  it  is,  that  from  experience  we  know 
that  the  body  and  its  feveral  parts  are  varioufly 
affedted  by  the  different  paffions  of  the  mind. 

After  what  has  been  faid,  it  will  be  eafy  to 
account  for  the  eredtion  of  the  nipple  of  a 
woman's  bread,  and  the  fwelling  of  a  turkey- 

cock's 

V 
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cock’s  comb  and  rattles,  which  are  much  a- 
kin  to  the  ereCtion  of  the  penis,  and  which, 
as  Dr i  Haller  has  juftly  obferved,  are  certainly 
not  owing  to  the  contraction  of  any  mufcle, 
hindering  the  return  of  the  blood  by  their 
veins  For  why  may  not  the  paffion  of  an¬ 
ger  or  pride  caufe  an  inflation  of  the  above 
mentioned  animal’s  comb  and  rattles,  as  well 
as  the  fenfe  of  fhame  does  a  flufhing  of  the 
face  ?  and  may  not  titillation  increafe  the  mo¬ 
tion  of  the  fluids  in  the  fmall  veflels  of  the 
nipple,  in  the  fame  manner  as  in  the  penis  ? 

The  unufual  fenfation  of  heat  in  the  face, 
which  attends  bluffing,  and  is  fo  quickly 
raifed,  may  enable  us  to  account  for  the  many 
fudden  complaints  of  heat  and  cold,  and  o- 
ther  fymptoms  of  a  like  nature  common  to 
hyfterical  people  ;  for  if  an  affeCtion  of  the 
mind,  can  raife  an  uncommon  heat  in  the 
face,  by  determining  the  influence  of  the 
nerves  more  copioufly  into  its  veflels,  and  thus 
increafing  their  ofcillations,  why  may  not 
the  fame  thing  happen  in  other  parts  of  the 
body,  from  an  irregular  diftribution  of  the 
nervous  power  ?  and  is  it  not  probable,  that 

1 1  '  '  the 
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the  fudden  fenfations  of  cold,  which  people 
fubjedt  to  nervous  complaints  often  feel  in  va¬ 
rious  parts  of  their  bodies,  are  owing  to  the 
ftagnation  or  flower  motion  of  the  fluids  in 
the  fmaller  veflels  of  thefe  parts*  occafioned 
by  the  diminution  or  fufpenfion  of  their  ofcil- 
latory  motion  ? 

But  to  return  from  this  digreflion  ;  whether 
the  eredtion  of  the  penis  is  effected  in  the  man¬ 
ner  above  explained,  or  by  the  contraction  of 
certain  miifcles  comprefling  its  veins;  it  is  ne- 
verthelefs,  like  the  other  fpontaneous  adtions* 
owing  to  an  irritation,  viz.  the  Jiimulus  com¬ 
municated  to  the  nervous  papillce  of  the  veficu - 
Ice  feminales  and  tefticles  by  the  feed ;  fince,  in 
proportion  to  the  abundance  or  defedt  of  this, 
eredtions  are  cceteris  paribus  more  or  lefs  fre¬ 
quent,  ftronger  or  weaker,  ’Tis  true,  that  la- 
fcivious  thoughts,  titillatioil,  and  other  caufes, 
often  produce  eredtions  of  the  penis*  but  even 
their  power  of  doing  this,  is  in  a  great  meafure 
owing  to  the  prefence  of  the  feed.  An  erecti¬ 
on  of  the  penis  frequently  happens  from  the 
bladder  being  full  of  urine,  at  leafl:  is  increafed 
by  this ;  which  is  no  way  Arrange,  fince  the  u- 
rine,  by  ftretching  and  ftimulating  the  coats  of 

the 
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the  bladder,  may  be  eafily  fuppofed  to  affect 

the  nerves  and  veffels  of  the  penis,  with  which 

they  are  fo  nearly  connected. 

5.  In  tirhe  of  coition,  as  foon  as  the  feed 
is  fqueezed  into  the  beginning  or  bulbous  part 
of  the  urethra ,  the  mufculi  acceleratores  urines 
which  furround  this  part,  are  brought  into 
convulfive  contractions,  which  continue  to  be 
repeated  till  the  feed  is  entirely  expelled  \  and 
that  thefe  convulfive  contractions  are  owing 
to  the  femen  acting  as  a  Jlimulus  upon  this  part 
of  the  urethra ,  cannot  with  any  colour  of 
reafon  be  denied  ;  fince  their  number  and 
force  are  always  greater  or  lefs,  as  this  liquor 
is  more  or  lefs  in  quantity,  or  more  or  lefs 
Concocted. 

6.  By  the  titillation  of  the  rugae  of  the  va* 
gina  in  time  of  coition,  not  only  is  the  uterus 
affected,  but  the  tubes  fallopiancs  becoming 
rigid,  fuffer  a  kind  of  erection  ;  at  which 
time  their  fimbriated  extremities  are  turned 
to  the  ovaria  :  nor  do  they  change  this  fixa¬ 
tion  till  the  ovum  has  made  its  paffage  through 
the  coats  of  the  ovarium  into  their  cavity, 

O  through 
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through  which  it  is  prefTed  forward  to  the  n* 
terusy  by  the  contradion  of  the  mufcular  coat 
of  the  tube,  which,  from  the  analogy  of  the 
other  fpontaneous  motions  already  explained, 
we  may  eafily  imagine,  is  excited  by  the  ovum 
as  it  paffes  along  the  internal  furface  of  this 
hollow  mufcle  ;  fo  that  every  fmall  ringlet  of 
it,  will,  by  its  contradion,  tranfmit  the  ovum 
to  the  fucceeding  one,  till  at  lafl  it  drops  into 
the  womb  ;  in  the  fame  manner  as  the  food 
in  a  horizontal  pofture  is  conveyed  through 
the  cefophagus  into  the  ftomach* 

That  the  convullive  motions  of  the  mu- 
fcles  of  refpiration  in  coughing  and  fneezing, 
and  of  the  diaphragm  in  the  hiccup,  are  ow¬ 
ing  to  an  irritation  of  the  fenfible  membrane 
of  the  nofe,  windpipe,  and  inferior  part  of  the 
gullet,  is  too  evident  to  need  any  particular 
proof ;  and  this  the  rather,  as  thefe  motions 
will  be  occafionally  illuftrated  in  the  fequel 
of  this  Effay.  Nor  is  it  lefs  true,  that  the 
motions  of  the  pupil  and  mufcles  of  the  inter¬ 
nal  ear,  are  owing  to  light  and  found  ading 
as  ftimidi  on  thefe  organs :  but  as  thefe  mo¬ 
tions,  whereby  the  eye  and  ear  are  accom¬ 
modated  to  different  degrees  of  light  and 

found. 
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found,  are  more  intricate  and  lefs  gene¬ 
rally  underftood,  I  fhall  treat  of  them  parti¬ 
cularly  in  the  following  Section.  And  as  the 
alternate  motion  of  the  organs  of  refpiration 
differs  from  the  other  fpontaneous  motions  al¬ 
ready  explained,  in  being  fo  far  under  the 
power  of  the  will,  that  we  can  accelerate, 
retard,  or  entirely  (at  leaft  for  a  conliderable 
time)  put  a  flop  to  it ,  and  is  a  fubjedt  upon 
which  a  great  deal  may  be  faid,  I  fhall  alfo 
treat  of  it  afterwards  in  a  particular  Section 
by  itfelf ;  where  its  caufe  will  be  fhewn  to 
be  entirely  analogous  to  that  of  the  other 
fpontaneous  motions. 


SECT.  VIL 


Of  the  motions  of  the  pupil  and  mnfcles  of  the 
internal  ear . 


S  the  degrees  of  light  to  which  the  eye 


is  expofed,  and  the  fplendor  of  objects 
prefented  to  it,  are  various,  had  the  pupil 
been  of  a  determinate  fize,  incapable  of  en¬ 
largement  or  diminution,  this  organ  would 
have  been  adapted  only  to  contemplate  objefts 


in 
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in  one  particular  degree  of  light  every  thing 
remarkably  brighter  than  this,  would  have 
dazzled  it,  while  a  fainter  light  would  not 
have  affected  it  fufficiently.  Further,  as  the 
rays  of  light  coming  from  very  near  objeCts, 
are  much  more  divergent  than  thofe  from  re¬ 
mote  ones,  had  the  pupil  been  incapable  of 
variation  as  to  its  extent,  the  eye  would  have 
been  ill  fitted  for  feeing  diftinftly  at  different 
diftances ;  fince  fuch  objects  alone  are  feei} 
diftinCtly,  whofe  images  are  accurately  painted 
upon  the  middle  and  rnoft  fenfible  parts  of  the 
retina . 

To  prevent  theft  inconveniericies,  and  that 
the  eye  might  be  capable  of  properly  re¬ 
ceiving  the  impreffions  of  objects  in  a  great 
variety  of  lights  and  diftances,  that  mem¬ 
brane  called  by  Anatomifts  the  uvea  or  irisy 
which  encompaffes  the  pupil,  is  furnifhed 
with  a  double  fet  of  rnufcular  fibres,  by 
whofe  contraction  cr  relaxation,  the  diameter 
of  this  paffage  can  be  greatly  augmented  or 
diminifhed.  One  plane  of  thefe  fibres  is 
circular,  and  immediately  furrounds  the  cir¬ 
cumference  of  the  pupil :  it  may  very  pro¬ 
perly  be  called  th sfphinSter  pupilla,  fince,  by 

its 
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its  contraction,  the  pupil  is  IefTened.  The 
other  is  compofed  of  a  number  of  radiated 
fibres,  which  take  their  rife  from  the  great; 
circumference  of  the  uvea,  where  it  is  attach¬ 
ed  to  the  circulus  albus ,  or  union  of  the  cor- 
nea  and  Jclerotica ,  and  are  inferted  into  the 
orbicular  mufcle  above  mentioned,  all  round 
the  circle  of  the  pupil,  as  the  fpokes  of  a 
wheel  are  into  its  nave.  This  plane  of  mu- 
fcular  fibres  a6ts  as  antagonifi:  to  the  orbicular 
one,  and  may  be  called  the  laxator  or  dilatator 
papillae. 

The  circular  plane  of  fibres  is  fo  thin  and 
delicate,  that  fome  authors  feem  ftill  to  doubt 

*.  •  * i 

of  its  exiftence  ;  but  in  admitting  it,  we  are 
not  only  juftified  by  the  authority  of  the  beft 
Anatomifls  9,  but  by  reafon  and  analogy  $ 
fince  the  equable  and  regular  contraction  of 
the  pupil  cannot  well  be  conceived,  without 
fiippofing  fome  fuch  mechanifm ;  and  fince 
we  find  the  other  paflages  in  the  body  which 
are  endued  with  a  power  of  conftriCting 
themfelves,  furnifhed  with  fphinffer  mufcles. 

The  figure  of  the  pupil,  as  well  as  its  de¬ 
grees 

*  JVinJlow  anatom,  feet.  io.  N°  220.  Ruyfch.  thefaur. 
anatom.  2.  tab.  1.  fig.  5.  lit,  c, 
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grees  of  contraction  and  dilatation,  are  differ¬ 
ent  in  different  animals.  In  man  the  pupil 
is  at  all  times  perfectly  round ;  in  horfes, 
cows,  &c .  it  is  oblong  and  tranfverfe ;  and 
in  cats  in  the  day-time,  it  forms  a  narrow 
chink  perpendicular  to  the  horizon,  but  in 
the  dark  acquires  nearly  a  circular  figure,  and 
becomes  almoft  as  large  as  the  cornea.  If  in 
cats  the  pupil  had  been  perfectly  circular  as 
in  man,  it  could  not  well  have  admitted  of  fq 
great  degrees  of  dilatation  and  conftridtion, 
which  yet  are  neceffary  to  an  animal  which 
muff  feek  its  prey  in  the  night-feafon ;  at  leaft 
when  moft  contracted,  its  edges  muft  have 
been  remarkably  furled,  and  their  thicknefs 
greatly  increafed,  by  being  folded  together 
in  fo  fmall  a  fpace.  Moreover,  ’tis  obfervable, 
that  all  thofe  animals  which  hayg  the  pupil 
of  an  oblong  or  oval  fhape,  are  capable  of 
feeing  in  a  much  fainter  light  than  man. 

Galen y  who  did  not  allow  any  motion  to  the 
pupil,  except  when  one  of  the  eyes  is  fliut, 
afcribed  the  dilatation  of  the  pupil  of  the  open 
eye,  to  its  having  the  fpirits  which  ufed  to  be 
beftqwed  on  both  eyes,  now  determined  into  it 
alone,  Achillinus>  who  flouriflied  in  the  be- 

ginning 
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ginning  of  the  fixteenth  century,  is  the  firfl 
who  mentions  the  motions  of  the  pupil  from 
different  degrees  of  light  *  ;  which  however 
was  fo  little  attended  to,  that  its  firft  difco- 
very  is  generally  afcribed  to  Father  Paul  of 
Venice ,  who  lived  about  a  hundred  years  after 
him^.  However,  neither  Father  Paul,  nor 
Aquapendente ,  who  followed  him,  feem  to 
have  known  any  thing  of  the  manner  in 
which  thefe  motions  are  performed.  Nor 
ought  it  to  appear  ftrange,  if,  before  the  mu- 
fcular  ftruCture  of  the  uvea  was  known,  Phy- 
fiologifts  were  quite  in  the  dark  with  regard 
to  the  pupil’s  motions,  or  if  their  accounts 
of  this  matter  be  altogether  as  wide  of  the 
truth,  as  different  from  each  other. 

The  natural  flate  of  the  pupil  is  that  of 
dilatation;  for  fince  the  longitudinal  fibres 
of  the  iris  are  much  more  confpicuous  and 
ftronger  than  the  circular  plane,  they  mufts 
by  their  natural  contraction  keep  the  pupil 
always  dilated,  unlefs  the  latter  are  excited 
into  aftion  by  fome  particular  caufe. 

What 

*  Morgagni,  adverfar.  anatom.  I .  p.  34. 

f  Fabricius  ab  Aquapendente  de  oculo,  part.  3.  cap.  6* 
Sc  Douglas  bibliograph.  anatom,  p.  228, 

t  Sedt  i.  N°  3.  and  4.  above. 


I 


112  Of  the  V  it  a  l  and 

'  ,  „  '  ,  A'  ^ i 

What  this  caufe  is,  could  be  no  difficult 
tnatter  to  difcover  :  for,  as  in  a  fyncope ,  apo¬ 
plexy,  or  at  the  moment  of  death,  when  the 
eye  is  quite  infenfible  to  external  objects,  the 
pupil  is  always  greatly  dilated  •,  as  in  the  fhade 
it  is  remarkably  large,  and  always  the  more 
fo,  the  greater  the  darknefs  5  while  in  a  bright 
light  it  is  contracted  almofl;  to  a  point  $  it 
clearly  follows,  that  the  cbarCtation  of  this 
paffage  is  owing  to  the  aCtion  of  light  on  the 
eye  as  a  fenfible  organ,  and  its  dilatation  to 
the  fuperior  contractile  power  of  the  longitu¬ 
dinal  fibres  of  the  uvea ,  when  the  eye  is  left 
to  itfelf,  and  not  affeCted  by  any  external 
caufe. 

The  pupil  is  contracted  tnore  or  lefs  lit 
proportion  to  the  quantity  of  light  admitted 
into  the  eye,  not  on  account  of  any  imme¬ 
diate  aCtion  of  this  fubtile  fluid  on  the  fibres 
of  the  iris,  as  fome  have  imagined  but  in 
confequence  of  its  affeCting  the  tender  retina 
with  an  uneaiy  fenfation.  Hence  whatever 
intercepts  the  rays  of  light  fo  as  to  prevent 
their  affeCting  the  retina ,  or  renders  this  mem¬ 
brane 

*  Hiftoire  acad.des  fciences  1704,  edit,  8yo,  p. 

&  Memoires,  p,  360, 
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brane  infenfible  to  their  aCtion,  caufes  a  pre¬ 
ternatural  dilatation  of  the  pupil.  Thus  in 
a  cataraCt,  where  the  cryftalline  humour  being 
confiderably  opaque,  intercepts  a  great  part 
of  the  luminous  rays  in  their  way  to  the  bot¬ 
tom  of  the  eye,  the  pupil  lofes  a  good  deal 
of  its  contractility.  In  a  confirmed  gutta  fe - 
rena^  or  perfeCt  infenfibility  of  the  retina ,  the 
orbicular  mufcle  of  the  pupil  lofes  its  power 
of  contraction  altogether,  infomuch  that  this 
pafiage  remains  equally  wide  in  the  brightefi 
funfhine,  as  in  the  obfcureft  fliade.  If  the 
adtion  of  light  on  the  circular  fibres  of  the 
iris  were  the  caufe  of  their  contraction,  this 
ought  not  to  happen ;  fince  the  nerves  of  this 
membrane,  as  they  have  no  connexion  with 
the  optic  nerve,  ought  to  remain  equally  fit 
for  actuating  its  orbicular  mufcle,  and  equal¬ 
ly  fenfible  of  the  Jiimulus  of  light,  when  the 
retina  is  thus  difeafed,  as  in  a  found  eye.  But 
if  it  thall  be  alledged,  that  in  a  gutta  ferena , 
the  nerves  of  the  uvea  become  fome  how  pa¬ 
ralytic,  and  that  the  immobility  of  the  pupil 
is  owing  to  this,  and  not  to  the  infenfibility 
of  the  difeafed  retina ;  I  anfwer,  that  a  plain 
experiment  fhews  the  contrary:  thus  when 

P  one 
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one  eye  is  quite  loft  by  a  confirmed  amaurojis , 
if  the  found  one  is  covered  or  kept  (hut,  the 
pupil  of  the  difeafed  eye  remains  in  every  de¬ 
gree  of  light  immoveable,  and  of  the  fame 
fize ;  but  if  the  found  eye  is  expofed  to  the 
fun-beams,  the  pupil  of  the  other,  which 
fhewed  no  motion  before,  will  be  evidently 
obferved  to  contract,  This  contraction  can 
only  arife  from  the  fympathy  between  the  two 
pupils  y  and  fhews,  that  when  the  found  eye 
is  covered,  the  defeCt  of  motion  in  the  mor¬ 
bid  one  is  not  owing  to  the  nerves  of  the  u- 
vea  being  any  way  paralytic,  but  merely  to 
the  want  of  a  caufe  determining  their  influ¬ 
ence  into  the  orbicular  mufcle  of  the  pupih 

Further,  if  the  contraction  of  the  pupil 
proceeds  from  light  aCting  as  a ftimulus  on  the 
fibres  of  the  iris,  why  does  it  not  excite  its 
longitudinal  fibres  equally  into  aCtion  as  its  cir¬ 
cular  ones  ? 

*1 

When  the  head  of  a  living  cat  is  put  un¬ 
der  water,  its  pupil,  which  was  much  con¬ 
tracted  before,  is  immediately  greatly  di¬ 
lated,  though  expofed  to  the  fun-beams.  If 
the  contraction  of  the  fphin&er  papilla  arofe 
from  the  aCtion  of  light  on  its  fibres,  this 
phenomenon  would  hardly  admit  of  a  folution; 
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fince  it  does  not  appear  that  the  rays  of  light 
fhould  act  with  much  lefs  force  upon  the  iris 
of  an  animal  under  water,  than  in  the  open 
air  :  but,  on  fuppofition  that  the  contraction  of 
the  pupil  is  owing  to  the  Jiimulus  of  light  af¬ 
fecting  the  retina ,  it  is  eaffiy  accounted  for. 
The  rays  of  light  paffing  from  air  into  the  eye 
through  the  cornea ,  fuffer  a  confiderable  re¬ 
fraction  on  account  of  its  greater  denfity  ;  by 
which  means  they  are  made  to  approach  one 
another,  fo  as,  by  the  refractions  of  the  cry¬ 
stalline  and  vitreous  humours,  they  may  be 
collected  in  a  point  on  the  retina ,  But  when 
the  head  of  an  animal  is  under  water,  the 
rays  of  light  fuffer  little  or  no  refraction  in 
paffing  through  the  cornea  and  aqueous  hu¬ 
mour,  becaufe  their  denfity  fcarce  differs  from 
that  of  water  :  hence  they  will  not,  as  in  the 
former  cafe,  be  made  to  approach  one  an¬ 
other,  nor  will  they  have  their  focus  in  the  re - 
tina,  but  a  great  way  behind  it  ,  this  mem-* 
brane,  therefore  will  be  very  weakly  affected 
by  them,  and  confequently  the  pupil  mull  be 
dilated.  In  water  there  is  a  general  and 
faint  light  diffufed  over  a  great  part  of  the 
retina  y  in  air  all  this  light  is  collected,  and 

acting 
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adting  on  a  much  fmaller  fpace,  is  greatly 
more  vivid  and  ftriking. 

Mr.  Mery  indeed  has  given  a  different  So¬ 
lution  of  this  phenomenon  but  fuch  a  one  as 
will  not  give  a  phiiofophical  reader  any  very 
exalted  idea  of  his  knowledge  either  in  phyli- 
ology  or  in  optics.  His  account  of  the  mat¬ 
ter  is  this.  Under  water,  the  animal  is  hin¬ 
dered  from  breathing,  but  the  motion  of  the 
fpirits,  to  which  he  afcribes  the  conftriftion 
of  the  pupil,  depends  on  the  circulation  of 
the  blood,  and  this  again  on  refpiration ; 
therefore,  notwithftanding  the  ufual  adion  of 
light  on  the  irisy  the  pupil  in  an  animal 
tinder  water,  muff  be  relaxed  merely  on  ac¬ 
count  of  the  interruption  of  refpiration 
It  is  molt  certain,  that  in  a  fyncope,  when  the 
vital  motions  ceafe,  the  pupil  is  dilated  in  air, 

as  well  as  in  water,  becaufe  the  retina  lofes 

■  -  .  *  •  *  j  .•  .  .  ,  t 

'  its  fenfibility  y  but  a  cat  plunged  into  water, 
does  not  become  immediately  infenlible,  nor 
does  the  motion  of  its  heart  ceafe  with  that 
of  refpiration ;  and  if  a  man  can  reftrain 
breathing  near  a  minute,  without  loling  any  of 
Jiis  fenfes,  this  animal,  which  bears  the  air- 

-  .»  .  i  v  t  ^ 

pump 

~  Memoires  acad.  des  fciences  1704.  edit.  8vo.  p.  353, 
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pump  fo  long,  mu  ft  continue  fenfible  and 
lively  under  water  for  a  much  longer  time  : 
add  to  this,  that  the  cat’s  pupil  is  obferved  to 
be  greatly  dilated  immediately  after  immer- 
fion  ;  whereas,  according  to  Mr.  Mery  s  prin¬ 
ciples,  it  fhould  become  gradually  wider,  as 
the  animal  languifhes  more  and  more. 

Since  the  optic  nerve  and  thofe  of  the 
uvea  arife  from  different  parts  of  the  brain, 
and  have  no  communication  with  each  other 
in  their  courfe  to  the  eye,  it  feems  evident, 
that  light  affeting  the  retina ,  cannot  excite 
the  fphinBer  of  the  pupil  into  contraction,  by 
any  immediate  mechanical  change  which  it 
produces,  either  in  the  mufcle  itfelf,  or  in  the 
nerves  which  actuate  it  5  but  the  uneafy  fen- 
fation  occafioned  in  the  retina  by  the  admif- 
lion  of  too  much  light  into  the  eye,  may  fo 
affect  the  fentient  principle,  which  is  prefent 
and  ready  to  at,  where-ever  the  nerves  have 
their  origin,  as  to  excite  it  to  determine  the 
fpirits  more  copioufly  into  the  orbicular  mu¬ 
fcle  of  the  uvea,  in  order  to  leffen  the  pupil, 
and  exclude  the  offending  caufe.  While  the 
eye  remains  in  the  fame  degree  of  light,  and 
direted  towards  the  fame  objet,  the  pupil 
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remains  invariably  of  an  equal  fize,  as  the 

fame  caufe  continues  uniformly  to  excite  the 

* 

mind  to  determine  the  nervous  influence  in 
the  fame  degree  into  its  fphinSier  mufcle  :  but 
no  fooner  does  the  light  become  fainter,  than 
the  fentient  principle,  being  Ids  affeCted,  cea- 
fes  to  contract  this  mufcle,  and  allows  the 
curtain  of  the  pupil  to  be  opened  by  the  natu¬ 
ral  aCtion  of  its  longitudinal  fibres,  by  which 
means  more  light  is  admitted  into  the  eye. 
When  the  eye  is  fuddenly  removed  from  a 
very  faint  into  a  bright  light,  a  confiderable 
dazzling,  with  an  uneafy  fep/ation,  is  plainly 
perceived ;  and  though  in  fmaller  changes 
this  is  much  lefs  perceptible,  yet  it  may  be 
fufficient  to  excite  the  mind  to  contract  the 
pupil  fo  far  as  may  be  neceflary  in  fuch  cafes 
to  defend  the  tender  retina » 

If  it  be  afked,  why  the  orbicular  mufcle 
of  the  uvea  is  rather  contracted  than  its  lon¬ 
gitudinal  fibres,  upon  the  admiffion  of  light 
into  the  eye  5  the  anfwer  is,  that  the  contra¬ 
ction  of  the  latter,  would  not  tend  to  remove 
the  uneafy  fenfation,  but  to  increafe  it :  and 
fuch  is  the  original  conftitution  of  our  frame, 
that  the  mind  or  fentient  principle  is,  in  con- 

fequence. 
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fequence  of  uneafy  fenfations,  inftantly  deter¬ 
mined  to  produce  fuch  motions  or  changes  in 
the  body,  as  naturally  tend  to  remove  or  lef- 
fen  them. 

When  a  candle  is  placed  before  the  eyes, 
if  one  of  thefe  organs  is  covered  with  one's 
hand,  or  any  opaque  body,  the  pupil  of  the 
other  will  be  obferved  immediately  to  become 
wider.  Now,  as  the  mufcles  of  the  uvea  of 
the  one  eye  have  no  manner  of  connexion  with 
thofe  of  the  other,  either  by  means  of  nerves 
or  blood-veffels,  unlefs  it  be  that  the  former 
are  derived  from  different  parts  of  the  fame 
brain,  and  the  latter  from  the  aorta^  this 
confent  in  their  motions  muft  be  altogether 
inexplicable  upon  mechanical  principles  alone : 
for  if  the  aCtion  of  light  on  the  eye  is  the 
caufe  of  the  contraction  of  the  pupil,  why 
jfhould  not  the  pupil  of  the  open  eye  remain 
equally  contracted  when  the  fame  degree  of 
light  continues  to  aCt  upon  it ;  or  why  fhould 
it  be  affeCted  by  the  relaxation  of  the  other 
pupil,  with  which  it  has  no  immediate  con- 
nexion,  while  the  mechanical  caufe  of  its 
own  contraction  continues  to  aCt  with  undi- 
minifhed  force  ? 
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But  if  we  allow  the  contradion  of  the 
pupil  to  be  owing  to  a  fentient  active  prin¬ 
ciple,  which,  in  proportion  as  it  is  more  or 
lefs  affeded,  by  the  uneafy  fenfation  arifing 
from  the  adion  of  light  on  the  retina ,  con- 
ftrids  the  pupil  in  a  greater  or  lefs  degree ; 
then,  when  one  eye  is  fhut,  its  retina  being 
no  more  expofed  to  the  light,  and  confe- 
quently  the  fentient  principle  being  no  longer 
excited  to  contrad  the  orbicular  mufcle  of 
the  uvea ,  its  pupil  muft  be  widened  by  the 
natural  contradion  of  the  ftronger  longitudi¬ 
nal  fibres  of  this  membrane  :  but  as  the  mind 
has,  from  the  time  of  birth,  been  always  ac~ 
cuflomed  to  contrad  the  pupils  of  both  eyes 
at  the  fame  time,  the  one  pupil  can  no  more 
be  relaxed  without  the  other  being  partly  fo* 
than  one  eye  can  be  direded  to  the  nofe, 
while  the  other  is  turned  from  it :  for  how 
much  foever  the  motions  of  certain  mufcles 
are  owing  to  the  immediate  energy  of  the 
mind,  yet  it  is  undeniable,  that,  by  conftant 
habit,  we  foon  lofe  the  power  of  moving 
them,  except  in  a  particular  way  ;  and  as  this 
is  true  of  the  eyes,  whole  motions  are  quite 
of  the  voluntary  kind,  and  may  be  performed 

or 
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or  reftrained  at  pleafure,  it  cannot  with  any 
fhew  of  reafon  be  denied  to  take  place  in  fuch 
mufcles,  whofe  adtion  is  from  the  beginning 
neceflary  and  independent  on  the  will. 

As  in  the  above  mentioned  experiment  the 
pupil  of  the  open  eye  is  confiderably  relaxed* 
on  account  of  the  confent  of  its  motions  with 
the  pupil  of  the  other,  fo  it  is  not  to  be  doubt¬ 
ed,  but  that  the  pupil  of  the  covered  eye  is 
lefs  enlarged  than  it  would  be,  if  no  light  was 
admitted  into  the  open  one :  thus  in  a  gutta 
ferena ,  the  blind  eye  has  its  pupil  fenfibly  con- 
tradted,  when  the  found  one  is  expofed  to  a 
bright  light,  i.  e .  the  difeafed  pupil  follows  in 
fome  degree  the  motions  of  the  found  one, 
and,  by  the  adtion  of  light  upon  it,  is  hinder¬ 
ed  from  being  fo  much  relaxed  as  it  would  be 
otherwife.  It  is  however  probable,  if  a  per- 
fedt  amaurojts  was  to  continue  long  in  one  eye 
without  affedting  the  other,  that  this  confent 
between  the  pupils,  as  to  their  motions,  would 
gradually  become  lefs  remarkable,  till  at  laft 
the  pupil  of  the  difeafed  eye  would  ceatfe  to 
be  leffened  almoft  in  any  degree  by  the  adtion 
of  light  on  the  found  one, 

Q. 


When 


izz  Of  the  Vital  and 

WrtEN  a  candle  is  fo  placed  as  to  fhine  full 
upon  one  eye,  without  any  of  its  rays  having 
accefs  to  the  other,  the  pupil  expofed  to  the 
light  is  obferved  to  be  fomewhat  lefs  than  the 
other;  though  neither  of  them  is  fo  much  con¬ 
tracted,  as  if  both  eyes  were  equally  affeCted  by 
the  light.  Hence  it  follows;  that  notwith- 
Itanding  there  is  a  remarkable  uniformity  be¬ 
tween  the  pupils  of  both  eyes  as  to  their  mo¬ 
tions,  yet  they  don't  exa&ly  keep  pace,  but 
the  pupil  immediately  expofed  to  the  greateft 
light  is  moft  contracted.  And  this  ferves  fur¬ 
ther  to  fhew,  that  when  one  eye  is  covered, 
the  pupil  of  the  open  one  becomes  wider, 
from  the  confent  between  its  motions  and  thofe 
of  the  darkened  one ;  and  not,  as  fome  may 
perhaps  imagine,  becaufe  the  mind  receiving 
only  the  impreffion  of  light  aCting  upon  one 
eye,  and  therefore  being  lefs  affeCted  than 
when  both  eyes  are  open,  makes  a  lefs  effort 
to  exclude  the  light,  by  contracting  the  pupil. 
The  reader  will,  however,  eafily  perceive, 
that  in  both  ways  of  explaining  the  above  phe¬ 
nomenon ,  the  neceffity  of  deducing  thefe  in¬ 
voluntary  motions  from  the  fentient  principle, 
is  equally  acknowledged. 


If 
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If  it  fhall  be  alledged,  that  the  contraction 
of  the  pupil  is  not  owing  to  the  aCtion  of  light 
on  the  retina ,  but  on  the  choroid  coat,  and 
that  the  uvea  being  a  continuation  of  this 
membrane,  and  having  its  nerves  from  the 
fame  fource,  may  eafily  be  fuppofed  to  have 
a  remarkable  fympathy  with  it.  Without  en¬ 
tering  into  the  difpute,  whether  it  is  the  re¬ 
tina  or  choroid  that  receives  the  impreflion  of 
objects,  -and  feels  the  Jlimulus  of  light;  Ian- 
fwer,  that  as  the  agreement  juft  now  obfer- 
ved  between  the  two  pupils  as  to  their  mo¬ 
tions,  cannot  poffibly  arife  from  any  mecha¬ 
nical  confent  between  them,  but  muft  be  ow¬ 
ing  to  fome  common  principle  in  the  brain; 
fo  it  is  highly  reafonable  to  imagine,  that  the 
contraction  of  the  orbicular  mufcle  of  the  u- 
vea,  in  confequence  of  light  being  admitted 
into  the  eye,  proceeds  from  the  fame  caufe, 
and  not  from  any  connexion  between  the  cho¬ 
roid  and  uvea :  for  fuppofing  it  did,  why 
fhould  its  circular  fibres  rather  than  its  longi¬ 
tudinal  ones  be  contracted ;  fince,  as  the  lat¬ 
ter  are  nearer  to,  and  more  immediately  de¬ 
rived  from  the  choroid  than  the  former,  one 

would 
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would  be  apt  to  think  their  fympathy  with 
it  fhould  be  the  more  remarkable. 

Having,  as  we  hope,  given  a  clear  and 
confiftent  account  of  the  pupil's  motions,  fa 
far  as  they  are  owing  to  different  degrees  of 
light  applied  to  the  eye ;  it  may  not  perhaps 
be  improper,  briefly  to  point  out  a  few  mif- 
takes  of  fome  authors  of  confiderable  chara¬ 
cter,  with  refpeCt  to  this  matter. 

Mr.  Mery ,  not  being  able  to  obferve  any 
circular  fibres  in  the  iris,  whofe  contraction 
might  account  for  the  conftriCtion  of  the  pu¬ 
pil,  endeavours  to  prove  that  this  is  owing  to 
the  inflation  and  elongation  of  its  longitudi¬ 
nal  fibres  by  the  animal  fpirits  being  more  co- 
pioufly  derived  into  them;  and  that  the  di¬ 
latation  of  the  pupil  is  owing  folely  to  the 
fpring  or  elafticity  of  thefe  fibres,  whereby 
they  become  fhorter  when  left  to  themfelves*? 
But  there  is  no  inftance  in  the  human  body, 
of  any  mufcle  being  elongated  by  a  more  co¬ 
pious  derivation  of  the  nervous  influence  into 
it ;  the  conftant  effeCt  of  this  is,  to  fwell,  har¬ 
den,  and  fhorten  the  mufcle  at  the  fame  time. 
Nor  indeed  would  it  be  eafy  to  conceive  (al¬ 
lowing 

*  Memoires  acad.  des  fciences  1704,  edit.  8vo.  p.  352. 
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lowing  a  lingular  ftruCture  in  the  longitudinal 
fibres  of  the  iris )  how  they  could  be  fo  length¬ 
ened  by  the  influx  of  animal  fpirits,  as  to  re¬ 
duce  the  pupil  almoft  to  a  point,  without,  at 
the  fame  time,  being  fo  inflated  as  to  make 
a  very  remarkable  difference  in  the  thicknefs 
of  this  membrane. 

The  ingenious  Mr.  de  la  Hire  imagines, 
that  as  a  bright  light,  by  difagreeably  affect¬ 
ing  the  bottom  of  the  eye,  excites  us  to  con¬ 
tract  the  pupil;  fo,  in  the  dark,  we  do  our 
utmolt  to  dilate  it,  that  we  may  fee  more 
diltinCtly  * ;  that  is,  its  dilatation  is  owing  to 
an  effort  of  the  will,  determining  the  nervous 
influence  more  copioufly  than  ufual  into 
the  longitudinal  fibres  of  the  iris.  To  prove 
thiSj  he  fays,  that  cats  in  a  luminous  place, 
when  they  don't  feem  to  be  taking  notice  of 
any  thing  around  them,  have  their  pupils  ah 
moll:  quite  Ihut,  but  that,  as  foon  as  any  ex¬ 
traordinary  objeCt  prefents  itfelf,  fo  as  to 
draw  their  attention,  they  immediately,  and 
at  once,  open  their  pupil  confiderably  *f*.  If 
this  be  true,  as  I  dare  fay  it  is,  then  cats  mull 
be  allowed  to  have  a  power  of  dilating,  and 

probably 

*  Memoires  acad.  des  fcien<ces  1709.  edit.  8vo.  p.  1 21. 
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probably  alfo  of  contracting  their  pupil  at 
pleafure,  when  the  quantity  of  light  applied 
to  their  eyes  remains  the  fame  ;  which  how¬ 
ever  is  not  the  cafe  with  men,  in  whom  the 
widenefs  of  the  pupil  in  a  fyncope ,  apoplexy  and 
confirmed  gutta  ferena ,  thews,  that,  in  order 
to  dilate  the  pupil  to  its  largeft  fize,  no  effort 
©f  the  mind  is  necelfary,  but  only  the  fuperior 
contraftile  power  of  the  longitudinal  fibres  of 
the  uvea ,  when  its  circular  mufcle  is  not  ex¬ 
cited  into  aCtion  by  th zflimulus  of  light  on 
the  retina .  Nor  have  I  ever  been  able  to  ob- 
ferve  that  the  pupil  is  narrower  in  a  light 
room,  when  one  does  not  attend  to  any  thing 
around  him,  and  becomes  wider  as  foon  as 
he  looks  ftedfaftly  at  any  objeCt,  and  endea¬ 
vours  to  fee  it  diftinCtly. 

The  fame  author,  in  confequence  I  fup- 
pofe  of  his  above  mentioned  notion  of  the 
voluntary  dilatation  of  the  pupil,  alfo  alledges, 
that,  in  a  bright  light,  when  we  look  at¬ 
tentively  at  an  objeCt  in  order  to  fee  its  fmali 
parts,  the  pupil  is  not  fo  much  contracted  as 
it  would  be  by  the  aCtion  of  this  degree  of 
light  alone,  did  we  make  no  fuch  effort  to 
fee  any  thing  diftinCtly  This,  however, 

is 
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is  fo  far  from  being  true,  that  it  will  appear, 
from  experiments  to  be  mentioned  below, 
that  in,  the  ftrongeft  light  the  pupil  is  lefs 
contracted  when  we  make  no  effort  to  fee  any¬ 
thing  diftinCtly,  than  when  we  look  with  great 
attention  to  a  near  objeCt,  fo  as  to  obferve 
its  minute  parts. 

The  learned  Dr.  Haller ,  equally  doubtful 
of  the  exiftence  of  the  circular,  and  of  the 
aCtion  of  the  longitudinal  fibres  of  the  uvea, 
deduces  the  contraction  of  the  pupil  from  the 
ftimulus  of  light  affeCting  the  iris,  and  caufing 
a  greater  flux  of  humours  into  its  fine  pellucid 
veflfels,  by  which  means  they  are  extended 
in  length,  the  iris  is  rendered  broader,  and 
confequently  the  pupil  narrower.  The  dila¬ 
tation  of  the  pupil,  he  afcribes  to  the  aque¬ 
ous  humour  prefling  its  edges  outward,  when 
the  powers  contracting  it,  and  confequently 
refitting  the  preflfure  of  this  fluid,  are  weak¬ 
ened  But,  if  the  contraction  of  the  pu¬ 
pil  was  owing  to  the  elongation  of  the  veflfels 
of  the  iris,  from  the  humours  moving  with 
greater  force  through  them;  then,  in  animals 
newly  dead,  warm  water  injeCted  into  the  ca¬ 
rotid 

*  Primae  lineae  Phyfiolog.  fe£t.  506.  &  515* 
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rotid  artery,  fhould  make  the  pupil  contract 
fenfibly.  Further,  the  iris  fhould  become 
thicket  and  its  veflels  fwell  •  fince  the  greater 
force  of  the  fluids  moving  in  them  muft  in- 
creafe  their  tranfverfe  diameter,  as  well  as 
their  length  i  thus  when  the  perns  is  eredted 
by  the  effufion  of  blood  into  its  cells,  it  be- 
comes  thicker*  as  well  as  longer^  Laftly,  as 
this  theory  fuppofes  the  contraction  of  the  pu¬ 
pil  to  proceed  from  the  adtiori  of  light  as  a  jli- 
mulus  upon  the  fenfible  veflels  of  the  iris,  it 
may  be  looked  upon  as  fufRciently  confuted, 
by  what  has  been  offered  above,  to  fhew  that 
it  is  to  the  adtion  of  light  on  the  retina ,  and 
not  on  the  iris,  that  the  contraction  of  the  pu¬ 
pil  is  owing* 

With  refpedt  to  Dr.  Haller  s  account  of  the 
dilatation  of  the  pupil  it  were  fufficient  to  ob- 
ferve,  that  as  the  watry  humour,  like  all  o- 
ther  fluids,  muft  neceflarily  prefs  the  parts 
of  the  iris  as  much  inwards  toward  the  pupil, 
as  outwards  toward  the  cornea ,  Jtis  evident 
it  can  have  no  effedt  in  widening  the  pupil. 
Unlefs  therefore  the  Do  Bor  will  fhew,  contra- 
rary  to  the  firfl  and  hitherto  univerfally  re¬ 
ceived  principles  of  hydroflatics,  that  the  parts 
of  the  aqueous  humour  are  not  in  equilibria  a- 

mong 
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rnong  themfelves*  his  opinion  mart  neceflari- 
ly  fall  to  the  ground.  But  further,  if  the 
dilatation  of  the  pupil  was  not  owing  to  the 
natural  contractility  of  the  longitudinal  fibres 
of  the  uvea,  but  merely  to  the  preflfure  of 
the  aqueous  humour  upon  its  edges,  when 
the  power  conftriCting  it  ceafes  to  ad ;  the 
pupil  fhould,  contrary  to  experience,  continue 
to  grow  wider  for  fome  time  after  death, 
becaufe  the  veffels  and  fibres  of  the  iris,  be¬ 
coming  then  remarkably  more  flaccid,  muft 
be  lefs  able  to  refill  the  fuppofed  prefiiire  of 
the  aqueous  humour :  but  if  the  enlargement 
of  the  pupil,  is  owing  to  the  natural  contra¬ 
ction  of  the  longitudinal  fibres  of  the  iris,  as 
has  been  above  explained,  then  it  will  evident¬ 
ly  appear  why  the  pupil  does  not  become 
wider*  but  rather  narrower  after  death,  be¬ 
caufe  thefe  fibres  which  retraCt  its  edges,  gra¬ 
dually  lofe  their  contractile  power,  and  are 
fome  what  elongated. 

The  accurate  Wirjlow  is,  I  believe,  the 
f  firft  who  obferved  that  the  pupil  becomes 
lefs  after  death.  In  fome  bodies  he  found  it 
of  a  moderate  fize,  in  others  a  good  deal 
more  contracted,  but  never  much  dilated,  as 

R  we 
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we  know  happens  in  a  guttaferena^fyncopey  a- 
poplexy,  &c  The  pupil,  however,  not  only 
thus  becomes  narrower  after  death,  but  alfo 
fometimes  before  it. 

Thus  in  a  boy  of  5  years  of  age,  who  had 
been  for  fome  days  comatous,  the  pupil  firft 
became  remarkably  wide,  and  was  not  fenfibly 
affedted  by  a  lighted  candle  brought  very  near 
the  cornea  :  about  1 5  hours  after  this,  look¬ 
ing  into  his  eye,  I  obferved,  with  furprize, 
the  pupil  not  larger  than  in  a  found  eye  in  a 
moderate  light.  At  this  time  having  en¬ 
deavoured  to  roufe  him,  by  holding  fpirit  of 
fal  ammoniac .  to  his  noftrils,  and  making  him 
fwallow  fome  cinnamon  water  with  fp.falin. 
aro?nat .  the  pupil  was  thereby  fuddenly  dilated, 
and  became  as  wide  as  it  had  been  the  even¬ 
ing  before.  After  half  an  hour,  he  fell  into 
a  greater  degree  of  Jhipor ,  and  his  pupil  be¬ 
came  remarkably  lefs  as  above,  and  remain¬ 
ed  equally  fo  in  all  degrees  of  light ;  but  up¬ 
on  applying  fpirit  of  fal  ammon .  to  his  nofe, 
was  quickly  enlarged,  fo  as  to  occupy  two 
thirds  of  the  cornea ,  This  experiment  I  re¬ 
peated  four  times  in  the  fpace  of  two  days, 

and 

*  Memoires  acad.  des  fciences  1721.  edit.  8vo,  p.  416. 
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and  always  with  the  fame  fuccefs.  During 
1110ft  of  this  time,  his  pulfe  was  ftrong  and 
full.  When  this  child’s  head  was  opened 
after  death,  there  were  found  immediately 
below  the  corpus  callofum ,  about  two  ounces 
of  water. 

From  this  remarkable  hiftory,  it  feems  ma~ 

h  /  ' 

nifeft,  that  the  dilatation  of  the  pupil  foon 
after  the  coming  on  of  the  coma ,  was  owing 
to  the  comprefiion  of  the  thalami  nervorum  o- 
pticorum ,  by  the  water  collected  in  the  brain, 
which  rendered  the  retina  infenfible  to  the  Jii - 
?nuius  of  light.  Soon  after,  the  origin  of  the 
nerves  of  the  uvea  beginning  to  be  compref- 
fed  by  the  growing  collection  of  lymph,  the 
longitudinal  fibres  of  this  membrane  loft 
their  power  of  contraction,  and  became  flac¬ 
cid,  almoft  as  in  dead  bodies ;  whence  the 
edges  of  the  pupil  were  lefs  retraCted.  The 
volatile  fpirits  applied  to  the  olfaCtory  nerves, 
by  giving  a  fhock  to  the  whole  brain  and  ner¬ 
vous  fyftem,  in  fome  degree  opened  the  ob- 
ftruCted  nerves  of  the  uvea,  fo  as  to  allow  their 
influence  to  be  derived  into  its  fibres,  the  ne- 
ceffary  confequence  of  which  was  the  dilatation 
of  the  pupil.  But  as  foon  as  the  effeCt  of  this 
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Jlimulus  was  over,  the  influence  of  their  nerves 
being  again  intercepted,  the  longitudinal 
fibres  of  the  uvea  were  relaxed,  and  therefore 
the  pupil  was  lefs  dilated.  As  thefe  different 
ftates  of  the  pupil  were  more  remarkable  in 
the  left  than  in  the  right  eye,  it  is  probable, 
that  one  fide  of  the  medullary  fubftance  of 
the  brain  was  fomewhat  more  compreffed 
than  the  other.  Laftly,  fince,  after  the  pupil 
was  enlarged  by  the  Jlimulus  of  the  volatile 
fpirits,  the  eye  ftill  remained  wholly  infenfible 
to  the  adtion  of  light,  it  is  reafonable  to  think, 
that  the  pre fibre  upon  the  origin  of  the  optic 
nerves  was  greater,  than  upon  that  of  the 
nerves  of  the  uvea :  but  although  the  origin 
of  both  thefe  nerves  had  been  equally  affedt- 
ed  by  the  difeafe,  yet  the  volatile  fpirits  ap¬ 
plied  to  the  membrane  of  the  nofe,  ought 
to  have  produced  a  more  remarkable  effedt 
upon  the  latter,  beeaufe  the  opthalmic  branch 
of  the  fifth  pair  of  nerves  which  ferves  the 
uvea?  fends  off  a  branch,  which,  along  with  the 
olfadtory  nerve,  is  diflributed  to  this  mem¬ 
brane, 

2.  The 
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2.  The  motions  of  the  pupil  are  not  only 
neceffary  to  adapt  the  eye  to  different  degrees 
of  light,  but  alfo  to  the  diftindt  vifion  of 
objedts  at  different  diftances.  Thus  if  a 
book  which  one  can  eafily  read  at  the  di- 
ftance  of  two  feet,  is  gradually  brought 
nearer  the  eye,  till  the  letters  can  be  no  long¬ 
er  diftinguifhed,  the  pupil  will  be  obferved 
to  become  narrower  in  proportion  as  the  book 
approaches  the  eye.  Again,  if  one  looks  firft 
to  a  candle  two  or  three  feetdiftant,  and  imme- 
diately  after  to  the  point  of  a  quill,  or  any  fuch 
objedtj  within  five  or  fix  inches  of  the  eye,  and 
nearly  in  the  fame  diredtion  with  the  candle, 
the  pupil  will  be  fenfibly  contradted :  now, 
as  the  fame  quantity  of  light  from  the  can¬ 
dle,  fhines  upon  the  eye  in  thefe  two  cafes, 
the  greater  contradtion  of  the  pupil  in  the 
latter  cafe,  cannot  be  owing  to  the  light 
more  ftrongly  affedting  the  retina ,  but  to  an 
effort  of  the  mind  to  fee  the  objedt  more 
diftindtly.  This  is  ftill  further  confirmed  by 
the  following  experiment ;  let  one  with  his 
back  to  the  light,  firft  look  to  an  objedt  of  a 
lively  colour  at  the  diftance  of  three  or  four 

feet  from  his  eyes,  and  afterwards  to  a  dark  one 

at 


134  Of  Vital  and 

at  the  diftance  of  one  foot,  and  the  pupil  will 
be  obferved  to  become  fenfibly  narrower  when 
he  looks  at  the  near  objeCt,  although  the 
quantity  of  light  reflected  from  it  is  lefs. 
Hence  the  learned  Dr.  Jurin  is  miftaken 
when  he  fays,  that  in  a  faint  light  the  pupil 
is  fo  far  from  contracting  in  order  to  diftinCt 
vifion,  that  there  is  rather  a  neceffity  of  de¬ 
lating  it  in  order  to  take  in  more  light 

The  neceffity  of  this  contraction  of  the 
pupil  when  we  look  at  near  objects  in  order 
to  render  vifion  more  diftinCt,  is  eafily  under- 
ftood ;  for  as  in  near  objeCts  the  divergency 
of  the  rays  is  much  greater  than  in  diftant 
ones,  and  as  thofe  rays  only  ferve  for  diftinCt 
vifion,  which  do  not  diverge  much  from  the 
axis  of  each  pencil,  the  pupil  mu  ft  be  con¬ 
tracted,  in  order  that  the  ufelefs  or  difturbing 
ones  may  be  excluded.  The  contraction 
therefore  of  the  pupil  in  viewing  near  ob- 
]eCts,  is  not  folely  owing  to  the  fpiffitude  of 
the  rays  reflected  from  them,  as  Plempius , 
who  firft  obferved  this  motion,  and  others  af¬ 
ter 

*  Effay  on  diftinCt  and  indiftinCt  vifion  at  the  end  of 
Smith's  Optics,  p.145. 
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ter  him,  have  thought  but  chiefly  to  an  ef¬ 
fort  of  the  will  in  order  to  diftind  vifion  : 

in  like  manner,  when  we  look  at  remote  ob- 

*  * 

jeds,  the  pupil  not  only  becomes  wider,  he- 
caufe  the  rays  are  thinner,  and  confequently 
their  light  fainter,  but  chiefly  becaufe  the  con- 
tradion  of  its  fphin&er  mufcle  is  no  longer  ne- 
ceflary  to  leflen  the  diffipation  of  the  rays. 
In  viewing  diflant  objeds,  the  pupil  is  not 
widened  by  any  effort  of  the  mind,  but  its 
fize  is  entirely  determined  by  the  quantity  of 
light  applied  to  the  eye,  which,  as  it  is,  cate- 
ris  paribus ,  fainter  in  diftant  than  in  near  ob- 
jeds,  mu  ft  occafion  a  fmall  degree  of  dilata¬ 
tion  in  the  pupil,  when  we  contemplate  the 
former :  but  in  looking  at  any  thing  nearer 
the  eye,  than  that  diftance  at  which  we  fee 
diftindly,  and  with  the  greateft  eafe,  the  con- 
tradion  of  the  pupil  is  principally  owing  to  a 
voluntary  exertion  of  the  mind’s  power  in 
order  to  render  vifion  more  diftind ;  and  but 
in  a  very  fmall  degree,  to  the  ftronger  and 
more  vivid  light,  which  the  objed,  on  ac¬ 
count  of  its  vicinity,  refleds  upon  the  eye. 

Hence 

*  Pletnp.  opthamogr.  lib.  3.  cap.  8.  and  Haller,  com¬ 
ment.  in  inftitut,  Boerhaav.  fed  536. 
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Hence  its  dilatation  in  the  former  cafe,  is  much 
lefs  remarkable  than  its  contradtion  in  the 
latter. 

Maitre-Jan  has,  by  a  wonderful  miftake,  af- 
ferted,  that  the  pupil  is  leffened  when  we  look 
at  diftant  objedts,  and  enlarged  when  we  be¬ 
hold  near  ones;  and  is  at  great  pains  to  (hew 
the  ufefulnefs  of  thefe  motions  to  diftindt  vi- 
fion.  But  his  reafoning  on  this  head  is  ex-4 
tremely  weak,  and  fcarce  confiftent  with  any 
tolerable  knowledge  of  optics 

The  author  of  the  EJfais  de  phyjlque ,  fup- 
pofed  to  be  Dr.  Senac,  has  fallen  into  an  error 
not  lefs  inconfiftent  with  the  laws  of  vilion, 
when  he  affirms,  that  the  images  of  objedts  in 
the  bottom  of  the  eye,  are  greater  or  lefs,  as 
the  pupil  is  more  or  lefs  dilated ;  and  hence 
accounts  for  the  fun’s  appearing  much  lar¬ 
ger  when  he  firft  gets  above  the  horizon, 
than  at  mid-day,  when  his  greater  fplendor 
makes  the  pupil  to  be  more  contradted  •f*. 
But  if  this  were  fo,  objedts  ought  to  appear 
always  largeft  in  the  fainted:  light ;  which 

we 

*  Maladies  de  I’oeil.  chap.  viii.  &  xxi. 

t  L’Anatomie  d’Heifter,  avecEffais  de  phyfique,  edit,  2 . 
P-  793- 
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we  do  not  find  confirmed  by  experience. 
Further,  fince  the  image  of  any  objed  is 
formed  by  the  union  of  the  pencils  of  rays 
that  flow  from  each  point  of  the  object  in  cor- 
refpondent  points  of  the  retina ,  it  is  evident, 
that  its  magnitude  depends  on  no  other  cir- 
cumftances,  but  the  real  magnitude  of  the 
objed,  and  its  real  diftance  from  the  eye 
The  different  fize  of  the  pupil  may,  agreeably 
to  what  has  been  obferved  above,  affed  the 
luftre  and  accuracy  of  the  feveral  points  of  the 
image,  but  cannot  alter  their  diftance,  be- 
caufe  the  axis  of  the  feveral  pencils,  and  their 
angles  of  inclination,  continue  the  fame,  what¬ 
ever  is  the  bulk  of  the  pupil. - -Any  one 

may  fatisfy  himfelf  at  once,  by  an  eafy  expe¬ 
riment,  -  that  the  contradion  and  dilatation  of 
the  pupil  cannot  alter  the  bulk  of  the  image 
of  any  objed  formed  on  the  bottom  of  the  eye  5 
for  the  pidure  which  is  made  by  a  common 
lens  on  a  fheet  of  paper,  will  not  be  found  to 

S  fhrink 

*  It  is  not  affirmed,  that  the  apparent  magnitude  of  ob¬ 
jects  depend  on  the  circumftances  here  mentioned  alone  ; 
fo-r  we  are  well  aware,  that  experience,  the  known  diftance 
of  objects,  and  other  things,  have  great  influence  in  this 

matter. 
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fhrink  or  fwell,  when  greater  or  leffer  con¬ 
centric  portions  of  the  lens  are  covered. 

As  we  have  already  feen,  that  the  pupil 
cannot  be  fo  much  contracted  by  the  action  of 
light  alone  on  the  eye,  as  when,  along  with 
this,  there  is  an  effort  of  the  will  to  fee  a 
near  objeCt  more  diftinCtly  $  fo  the  pupil  can¬ 
not,  by  any  effort,  in  order  to  diftinCt  vifion, 
be  as  much  leffened  in  a  faint  light  as  in  a 
bright  one.  Thus,  if  one  with  his  back  to 
the  windows  of  a  room,  brings  a  fmall  print¬ 
ed  book  fo  near  his  eyes,  that  he  cannot,  with¬ 
out  draining,  diftinguifh  the  letters ;  upon 
turning  his  face  quickly  to  the  light,  he  will 
be  able  to  read  with  little  difficulty  j  becaufe, 
by  the  action  of  the  ftronger  light  on  the  re¬ 
tina^  the  pupil  is  immediately  leffened,  and 
therefore  its  power,'  to  prevent  the  diffipation 
of  the  rays,  and  confequently  indiftinCt  vifion, 
is  increafed.  Hence  neither  the  fingle  effort 
of  the  mind  to  avoid  indiftinCt  vifion,  nor  a 
vivid  light  alone,  can  contract  the  pupil  to  its 
leaft  fize,  that  is,  not  fo  much  as  when  both 
thefe  caufes  of  its  contraction  are  united. 

In  infants,  but  more  efpecially  in  fuch  as 
are  newly  born,  the  pupil  is  obferved  to  be 

x  confiderably 
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confiderably  wider  than  in  grown  people, 
when  the  eyes  of  both  are  expofed  to  the  fame 
degree  of  light ;  1 .  becaufe  in  fcetufes  and 

new-born  children,  the  cornea  being  thicker, 
lefs  tranfparent,  flatter,  and  not  fufficiently 
ftr etched,  on  account  of  the  fmall  quantity  of 
aqueous  humour  *,  vifion  is  very  indiftindt, 
and  the  retina  is  lefs  affedted  by  the  rays  of 
light,  which  are  neither  freely  tranfmitted  to, 
nor  properly  colledted  upon  it ;  and,  2.  be¬ 
caufe  they  want  in  a  great  meafure  the  faculty 
of  contradling  the  pupil,  in  order  to  the  more 
diftindt  vifion  of  near  objedts,  which  feems 
to  be  partly  acquired  by  habit.  The  caufes, 
therefore,  to  which  the  contradtion  of  the 
pupil  are  owing,  being  weaker  in  infants  than 
in  adults,  kis  no  wonder  that  this  paffage  ap¬ 
pears  more  dilated  in  the  former  than  in  the 
latter.  Dr.  Jurin  has  given  a  different  ac¬ 
count  of  this  phenomenon ;  but  fuch  as  we 
can  by  no  means  think  fatisfadtory 

In  old  people  the  pupil  becomes  lefs  move- 
able,  becaufe  the  retina  grows  lefs  fenfible  of 

the 

*  Memoires  acad.  des  fciences  1727.  edit.  8vo.  p.  34-8. 

349. &  350. 

f  Eflayon  diftinft  and  indiftindt  vifion,  p.  147. 
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tlie  JHmulus  of  light,  and  the  mufcular  fibres 
of  the  iris  lofe  in  part  their  contractile  power  ; 
further,  in  old  age  the  cornea ,  on  account  of 
the  decreafe  of  the  aqueous  humour,  not  only 
lofes  its  brilliancy,  but  becomes  alfo  in  fome 
degree  wrinkled  ;  whence  the  retina  will  be 
lefs  affeCted  by  light,  and  confequently  the 
pupil  will  be  lefs  contracted. 

The  motions  of  the  pupil  from  light,  dif¬ 
fer  from  thofe  which  are  performed  in  order 
to  render  vifion  lefs  indiftinCt  ;  fince  the  for¬ 
mer  are  owing  to  an  uneafy  fenfation  affeCting 
the  retina ;  whereas  the  latter  arife  from  an 

«r-  w 

aCt  of  volition,  or  effort  of  the  will  in  order 
to  the  more  diftinCt  vifion  of  objeCts  at  cer¬ 
tain  diftances.  The  former  are  of  the  fame 
kind  with  the  contraction  of  the  diaphragm 
in  the  hiccup  and  in  vomiting,  of  the  mufcles 
of  refpiration  ip  fneezing,  and  of  the  aecele- 
ratores  urince  in  expelling  the  femen .  The 
latter  agree  with  the  motions  of  the  cryftal- 
line,  by  which  the  eye  is  adapted  to  fee  dif- 
tinCtly  at  different  diftances,  and  with  the  u- 
niform  motions  of  the  eyes  in  looking  at  ob¬ 
jects.  The  firit  are  ever  neceffary  and  inde¬ 
pendent  of  the  will ;  but  the  fecond  are 

plainly 
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plainly  voluntary,  and  can  be  reftrained  if 
we  pleafe,  though  they  are  often  not  attended 
with  confcioufnefs  of  volition. 

In  looking  at  near  objects,  the  pupil  is  lef- 
fened,  at  the  fame  time  that  the  cryftalline 
humour  is  brought  forward  towards  the  cor- 
riea,  by  the  contraction  of  the  ciliary  procef- 
fes ;  but  when  we  contemplate  diftant  ones, 
the  contraction  of  the  ciliary  proceffes  and  or¬ 
bicular  mufcle  of  the  uvea  ceafing,  the  cry¬ 
ftalline  returns  to  its  natural  fituation,  and  the 
pupil  to  that  lize  to  which  it  is  fixed  by  the 
quantity  of  light  applied  to  the  eye.  Thefe 
motions  though  both  voluntary,  yet  come  to 
be  fo  connected  by  habit,  that  we  cannot  per¬ 
form  them  feparately ;  nay,  as  often  as  we 
direct  our  eyes  to  any  near  obje<t,  the  motion 
of  the  cryftalline  and  contraction  of  the  pupil 
naturally  go  along,  and  are  performed  in  fuch 
a  degree,  as  is  moft  proper  to  procure  diftinct 
vifion  at  that  particular  diftance  :  nor  can  we 
feparate  thefe  three  motions ;  although  as  they 
are  all  voluntary,  they  may  be  reftrained  or 
performed  at  pleafure. 

The  pupil  differs  from  the  anus ,  neck  of 
the  bladder,  and  other  paffages  guarded  by 
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in  being  always  dilated  when 
nothing  adventitious  aCts  on  the  eye,  while 
the  latter,  left  to  themfelves,  are  conftantly 
contracted  ;  the  reafon  of  which  is,  that  the 
natural  and  equable  contraction  of  the  longi¬ 
tudinal  fibres  of  the  uvea,  which  ferve  to  di¬ 
late  the  pupil,  is  ftrongeft,  while  the  contrary 
holds  true  of  the  other  paffages  now  menti¬ 
oned,  whofe  fpbinBer  mufcles  have  either  no 
proper  antagonifts,  or  fuch  as  are  much 
weaker  than  themfelves.  Further,  after 
death,  when  thefe  fphinBer s  are  relaxed,  and 
confequently  their  paffages  rendered  more  pa¬ 
tent,  the  pupil  becomes  fenfibly  lefs,  becaufe 
the  longitudinal  fibres  of  the  iris ,  to  whofe 
contraction  its  dilatation  was  owing,  lofe 
their  contractile  power,  grow  flabby,  and  are 
elongated.  Hence  we  fee,  that  at  death  the 
eye-lids  remain  partly  open,  for  the  fame  rea* 
fon  that  the  pupil  is  leffened  after  it. 

If  from  any  caufe  the  longitudinal  fibres  of 
the  uvea  are  rendered  quite  paralytic,  while 
its  circular  mufcle  retains  its  ufual  power,  the 
pupil  will,  by  the  natural  contraction  of  the 
latter,  be  at  all  times  very  much  conftriCted, 
fo  that  in  a  bright  light  it  will  become  little 

iefs 
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lefs  than  in  the  (hade.  If  the  circular,  as 
well  as  longitudinal  fibres  of  the  iris ,  are  en¬ 
tirely  paralytic,  the  pupil  will  be  altogether 
deftitute  of  motion,  and  much  in  the  fame 
ffate  that  it  is  fome  time  after  death,  i.  e.  it 
will  be  generally  as  much  contradted  as  the 
pupil  of  a  found  eye  is  in  a  moderate  degree 
of  light.  If  the  mufcular  fibres  of  the  iris 
are  not  wholly  deprived  of  their  contradtile 
power,  but  greatly  weakened,  the  pupil  in  a 
dark  place  will  have  its  edges  a  little  retradted 
by  the  adtion  of  the  longitudinal  fibres,  and 
in  a  bright  light  will  be  fomewhat  leffened  by 
the  contradtion  of  the  circular  ones ;  but  thefe 
motions  will  be  much  more  inconfiderable 
than  in  a  found  eye. 

In  all  the  cafes  now  mentioned,  the  difeafe 
called  by  Hippocrates ,  and  others  among  the 
antients,  ^fc/5a*w,a>  will  happen,  /.  e.  the 
patient  will  fee  in  the  day-time,  but  in  the 
twilight  and  night-feafon,  he  will  not  be  able 
to  diftinguifh  objedts.  An  inftance  of  this  I 
had  lately  occafion  to  fee  in  a  young  man  of 
about  27  years  of  age,  who  had  ferved  for 
fome  time  in  the  navy,  where  he  had  been 
expofed  to  much  fatigue  and  cold  :  his  eyes 

appeared 
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appeared  found;  nor  could  I  obferve  that 
they  differed  from  the  eyes  of  other  people, 
excepting  that  the  pupil  had  very  little  mo¬ 
tion  :  it  remained  always  pretty  narrow,  and 
was  neither  remarkably  contracted  by  light, 
nor  dilated  in  the  dark.  This  perfon  faw 
well  enough  in  the  day-time,  efpecially  if  the 
weather  was  ferene ;  f but  in  the  twilight,  or 
in  an  obfcure  place,-  was  To  far  from  diftin- 
guifhing  objeCts,  that  he  could  fcarcely  find 
his  way  :  as  his  pupil  had  fome  motion,  ?tis 
probable,  that  the  fibres  of  the  iris  were  not 
quite  paralytic,  though  greatly  debilitated  :  his 
feeing  in  the  day-time  fliewed,  that  the  retina 
was  either  wholly,  or  in  a  great  meafure,  found; 
and  that  his  blindnefs  in  a  faint  light,  was  ow¬ 
ing  to  the  pupil’s  not  being  dilated  fo  as  to  ad¬ 
mit  a  fufficient  quantity  of  rays  into  the  eye. 

If,  after  an  inflammation  of  the  iris>  a  ri¬ 
gidity  is  left  on  its  circular  or  longitudinal 
fibres,  the  pupil  will  be  deprived,  either 
wholly,  or  in  a  great  meafure,  of  its  ufual 
motions ;  and  may  be  either  too  much  con¬ 
tracted,  or  greatly  dilated :  if  the  former, 
the  patient  will  only  fee  well  by  day ;  if  the 
latter,  the  eye  will  not  be  able  to  bear  a  bright 

light, 
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light,  and  therefore  the  patient  will  fee  befl 
in  the  fhade  and  by  candle  light ;  u  e.  he  will 
labour  under  the  difeafe  called  wKToikuTn'ct. 

Although  in  an  amaiirofis  the  pupil  is  ge¬ 
nerally  very  wide,  yet  this  is  not  always  the 
cafe,  for  as  often  as  the  fibres  of  the  uvea  are 
entirely  deprived  of  their  contraCtile  powers* 
the  pupil  appears  as  much  or  rather  more  con¬ 
tracted  than  in  a  found  eye.  Of  this  I  faw 
an  inftance,  not  long  ago,  in  a  woman  who 
was  almoft  totally  blind  of  both  eyes,  where 
there  was  no  opacity  in  the  cornea  or  cryftal- 
line  humour,  but  only  a  want  of  motion  in 
both  pupils.  The  pupil  of  the  right  eye  was 
immoveable,  and  always  as  much  contracted 
as  it  fhould  have  been  in  a  moderate  light  * 
the  other  was  dilated,  as  is  ufual  in  a  gutta 
ferena ,  but  when  expofed  to  the  light  fee  me  d 
to  contract  a  very  little.  By  means  of  this  eye 
fhe  difcerned  light  from  darknefs,  but  could 
not  diftinguifh  objeCts:  with  the  other  eye  fhe 
faw  nothing.  * 

In  this  patient  both  eyes  feem  to  have  been 
affeCted  with  a  gutta  ferena ;  in  the  right  eye 
the  retina  was  not  only  infenfible,  but  the 
mufcular  fibres  of  the  uvea  muft  have  been 

T  *  quite 

»  '  r 
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quite  paralytic,  whence  the  pupil  remained 
always  moderately  contracted,  as  Winjlow 
has  commonly  obferved  it  fometime  after 
death  *.  In  the  left  eye  the  retina ,  though 
confiderablydifeafed,  was  not  wholly  deftitute 
of  feeling,  and  the  fibres  of  the  uvea  feem 
to  have  been  found  and  poffeffed  of  their  u- 
fual  contractile  power* 


Of  the  motions  of  the  mufcles  of  the  internal 
ear . 

AS,  without  the  motions  of  the  pupil,  the 
eye  would  have  been  ill  contrived  for 
vifion  in  different  degrees  of  light,  and  at  dif¬ 
ferent  diftances ;  fo  the  ear  would  have  been 
unfit  for  hearing  diftinCtly  a  diverfity  of 
founds,  were  not  fome  of  its  parts  capable  of 
various  degrees  of  tenfion.  A  mufical  chord, 
of  a  determinate  length  and  tenfion,  can  on¬ 
ly  vibrate  harmonically  with  one  particular 
found ;  if  therefore  there  was  no  mechanifm, 
by  means  of  which  the  membranes  of  the 
tympanum  and  fenejlra  ovalis  could  be  more  or 

lefs 

*  Meuiolres  acad,  fciences  1721.  edit.  8vo.  p.  416. 
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lefs  ffretched  or  relaxed,  they  could  only  be 
harmonically  affeCted  by  one  found ;  which 
therefore  alone  would  be  heard  diftinCtly,  and 
all  others  more  or  lefs  confufedly.  To  pre¬ 
vent  this  inconveniency,  the  malleus  is  fur- 
nifhed  with  three  mufcles,  and  the  Jlapes  with 
one ;  by  the  various  contractions  of  the  for¬ 
mer,  the  membrane  of  the  tympanum ,  and 
by  means  of  the  latter,  the  membrane  of  the 
fenejlra  ovalis ,  is  rendered  more  or  lefs  tenfe, 
and  fo  accommodated  to  almoft  all  poffible 
founds. 

It  may  well  appear  wonderful,  how  the 
ears  fhould  be  fo  exactly  adapted  by  the  vari¬ 
ous  contractions  of  thefe  mufcles,  to  fuch  a 
vaft  variety  of  founds  5  but  with  what  exqui- 
fite  fkill  and  amazing  wifdom,  is  every  thing 
in  the  animal  frame  adjufted  !~ — — — As  the 
jlimulus  of  light  upon  the  retina ,  and  the  fen- 
fation  of  indiftinCtnefs  in  near  ohjeCts,  excite 
the  mind  to  contract  the  pupil,  fo  the  lefs 
diftinCt  tremor  of  different  founds,  affeCting 
the  auditory  nerves,  is  the  caufe  of  the  fub- 
fequent  contractions  of  the  mufcles  of  the  in¬ 
ternal  ear  ;  for  no  fooner  does  the  mind  per¬ 
ceive  the  firfl  indiftjnCt  noife  of  any  found, 

but 
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but  it  inftantly  contracts  fome  of  the  above 
mufcles,  fo  as  moft  nicely  to  adapt  to  it  the 
membranes  of  the  tympanum  and  fenejlra  o- 
*. valis :  if  the  found  be  acute  thefe  membranes 
are  juft  as  much  ft  retched  as  is  neceffary  for 
their  vibrating  harmonically  with  it ;  if  it  be 
flat,  they  are  duly  relaxed  :  and  thus,  by  a 
moft  Ample  mechanifm,  the  ear  is  rendered 
fenfible  of  the  fmalleft  variations  of  found  or 
difference  of  notes  in  muflck.  As  infants 

'i*  "■  y  f  '  5  v-  )  *  » 

feem,  by  habit,  to  acquire  a  faculty,  or  at  leaft 
a  greater  dexterity  of  adjufting  their  eyes,  by 
the  motions  of  the  pupil  and  cryftalline  hu¬ 
mour,  to  the  various  diftances  of  objedts,  fo 
it  is  not  altogether  improbable,  that  they  may 
at  ftrft  hear  lefs  diftindtly,  till,  by  degrees, 
they  come  to  acquire  a  power  of  readily  ac¬ 
commodating  their  ears  more  exadtly  to  dif¬ 
ferent  founds.  And  is  not  the  want  of  an 
ear  (as  it  is  ufually  called)  owing  to  a  deft- 
ciency  of  this  power  *?  While  that  exquiflte 
difcernment  of  muflcal  founds,  which  many 

•  *  t  ...  •p 

poffefs,  fhews,  that  they  can  adjuft  their  ears 
to  different  notes  with  the  greateft  accuracy. 

That 

^  This  may  arife  either  from  a  lefs  degree  of  fenfibility 
in  the  auditory  nerves,  or  of  agility  in  the  mufcles  of  the  ear, 
pr  from  both. 
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That  the  motions  of  the  mufcles  of  the 
internal  ear  proceed  from  the  mechanical  a- 
Ction  of  found  or  vibrating  air  on  their  fibres, 
the  analogy  of  the  motions  of  the  pupil  for¬ 
bids  us  to  believe.  Further,  if  this  was  the 
cafe,  why  fhould  not  all  the  mufcles  of  the 
malleus  be  equally  contracted  by  the  fame 
found  ?  And  why  fhould  thofe  which  ferve 
to  ftretch  the  membrane  of  the  drum,  be  ex¬ 
cited  into  motion  by  acute  founds,  while  the 
mufcle  which  relaxes  it,  is  only  brought  into 
adtion  by  grave  ones  ? — As  brute  animals  up¬ 
on  the  firft  perception  of  any  noife,  turn  their 
external  ears  towards  the  place  from  whence 
it  comes,  fc,  at  the  fame  time,  they  adapt 

their  internal  ear  to  it :  the  firft  of  thefe  mo- 

<  .  * 

tions  cannot  be  denied  to  flow  from  their  fen- 
tient  principle  actuated  by  the  found ;  why 
then  fhould  we  doubt  that  the  latter  proceeds 

from  the  fame  caufe  ? 

* 

The  motions  of  the  mufcles  of  the  inter¬ 
nal  ear  in  confequence  of  various  founds,  are 
not  only  unattended  with  confcioufnefs  of  vo¬ 
lition,  but  altogether  neceflary  and  involunta¬ 
ry,  for  we  cannot  move  them  except  when 
found  ftrikes  the  ear,  nor  hinder  them  to  aCt 
when  it  does. 


SECT. 
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SECT,  VIIL 

Of  the  alternate  motions  of  refpiration « 

REspiration  is  that  action  whereby  a 
certain  quantity  of  air  is  alternately  re¬ 
ceived  into  the  lungs  and  expelled  out  of  them: 
it  conlifts  of  infpiration  and  expiration.  In- 
fpiration,  or  the  reception  of  air  into  the  lungs, 
is  owing  to  the  contraction  of  the  intercojlal 
mufcles  and  diaphragm ,  whereby  the  cavity  of 
the  thorax  is  both  lengthened  and  widened ; 
for  as  the  lungs,  together  with  the  heart,  &c. 
perfectly  fill  the  cavity  of  the  bread,  and  as 
their  exterior  furface  is  every  where  conti¬ 
guous  to  the  pleura  and  diaphragm  *,  it  ne- 

ceflarily 

*  Some  authors,  I  know,  contend,  that  the  lungs  are  not 
contiguous  to  the  pleura ,  and  that,  in  the  fpace  between 
them,  there  is  contained,  what  they  call  internal  air,  the 
ufe  of  which  in  refpiration,  they  are  at  great  pains  to  (hew; 
hut  the  arguments,  upon  which  this  opinion  is  founded, 
are  no  way  conclulive,  and  might  be  eafily  refuted,  were 
it  not  foreign  to  our  prefent  defign  ;  nor  is  the  authority  of 
the  accurate  Morgagni  here  of  any  weight  *,  fince  the  heft 
Anatomift  may  be  deceived  in  making  a  fingle  experiment, 
and  fince  we  have  the  repeated  experiments  of  fome  of  the 
greateft  Anatom ifts  againft  him ;  nay  in  every  dead  body, 
where  the  integuments  and  intercoftal  mufcles  are  carefully 
taken  off,  the  lungs,  are  feen  contiguous  to  the  pleura, 

*  Adverfar.  anat.  5.  animadver.  33.  p.  46. 
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ceffarily  follows,  that  when  the  diaphragm , 
by  its  contraction  defcends,  and  the  ribs,  by 
the  action  of  the  intercoftals,  are  raifed,  the 
lungs  muft  follow  them,  and  confequently 
the  external  air  rufh  in  by  the  glottis ,  to  fill 
the  vacuity  that  would  otherwife  happen  in 
the  cavity  of  the  cheft. 

Inspiration  being  thus  performed,  the 
infpiratory  mufcles  are  relaxed,  upon  which 
the  ribs  by  the  renitency  of  their  elaftic  car¬ 
tilages  return  to  their  former  fituation,  and 
the  diaphragm,  by  the  reaction  of  the  ftretch- 
ed  peritonaeum ,  pericardium ,  and  abdominal 
mufcles,  is  pufhed  up  into  the  thorax ;  whofe 
cavity  being  therefore  diminiftied,  the  air 
contained  in  it,  muft  be  expelled  by  the  glot¬ 
tis  * 

In  order  to  account  then  for  the  alternate 
motions  of  refpiration,  it  is  only  necefiary 
to  fhew,  why  the  intercoftal  mufcles  and 
diaphragm  are  alternately  contracted,  and  re¬ 
laxed,  fince  their  contraction  produces  infpi- 
ration,  and  their  relaxation  allows  the  reni¬ 
tency 

*  While  the  cavity  of  the  thorax  is  leflened  by  the 
caufes  here  mentioned,  the  mufcular  fibres  of  the  bronchia , 
by  their  contra&ile  power,  contribute  to  the  expulfion  of 
the  air  out  of  the  lungs. 
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tency  of  the  cartilages  of  the  ribs,  &c.  to 
caufe  expiration  But  as  Mr.  Bremond  has 
in  the  memoires  of  the  acad.  of  fciences  for 
1739,  favoured  us  with  a  fet  of  pretty  extra¬ 
ordinary  experiments,  which,  he  thinks,  clear¬ 
ly  prove,  that  the  lungs  are  not  paffive  in  the 
affair  of  refpiration,  but  endued  with  a  power 
of  dilating  and  contracting  themfelves,'  in¬ 
dependent  of  the  motions  of  the  thorax  ;  it 
will  be  neceffary,  before  we  proceed  any 
further,  to  fbew,  how  far  this  ingenious 
Gentleman  has  been  deceived  ->  and  that  the 
lungs  have  really  no  proper  alternate  motion 
of  their  own,  but  follow  the  motions  of  the 
cheft. 

Of  the  experiments  related  by  Mr.  Bremond 
the  following  are  the  moft  remarkable. 

i  •  *  •  * 

1.  After  a  wound  made  in  the  thorax  of  a 
dog,  the  lungs,  inftead  of  collapfing,  continu¬ 
ed  to  be  contracted  and  dilated  alternately,  but 
their  motions  were  afynchronous  to  thofe  of 

the 

*  If  any  one  doubts  of  both  rows  of  intercoflal  mu- 
fcles  confpiring  to  pull  up  the  ribs,  he  need  only  compare 
what  Winjlow  has  faid  on  this  head  (anat.  fed.  3  N° 
J057, 1058,  1059,)  with  the  courfe  and  diredion  of  thefe 
mufcles  in  a  frefii  fubjed,  or  if  that  can?t  be  had,  with 
the  elegant  figures  of  them  publifhed  by  Dr.  Hoadly  at 
the  end  of  his  lqdures  on  refpiration. 


,  [ 
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the  thorax ;  for  when  the  ribs  were  depreffed, 
a  fmall  portion  of  the  lungs  was  thruft  out 
at  the  wound  with  a  confiderable  force 

It  ' 

2.  After  making  an  opening  in  the  brealt  , 
and  breaking  four  or  five  of  the  ribs,  the 
lungs  continued  for  fome  time  to  be  alternate¬ 
ly  expanded  and  contracted  iffuing  out 
at  the  wound  always  when  the  thorax  cob* 
lapfed. 

3.  After  three  ligatures  were  made  up-* 
on  the  trachea  of  a  dog,  and  the  thorax  was 
opened,  the  alternate  motions  of  the  lungs 
were  obferved  to  go  on  very  brifkly ;  but 
they  appeared  to  be  dilated,  and  iffued  out  at 
the  wound  when  the  cheft  was  contracted., 
and  vice  verfa  j. 

However  difficult  it  may  be  thought,  at 
firft  fight,  to  account  for  the  appearances  in 
thefe  experiments,  yet  it  is  eafy  to  fhew, 
that  the  lungs  cannot  poffibly  be  endued 
with  a  power  of  expanding  themfelves,  in¬ 
dependent  of  the  dilatation  of  the  thorax , 

U  as 

*  Memoires  1739,  edit.  8vo.  p.  463.  and  465, 
f  Ibid.  p.  464.  and  465, 
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as  Mr.  Bremond  feems  to  think,  after  Platerus , 
Sennertus ,  and  others,  who  in  this  followed 
the  doCtrine  of  the  Arabian  phyficians. 

As  the  lungs  are  compofed  of  an  infinite  num¬ 
ber  of  veficles  and  cellular  interftices  *,  which 
are  partly  made  up  of  elaftic  contractile  fibres, 
*tis  eafy  to  perceive  that  when  diftended  with 
air,  they  muft  endeavour  to  reduce  themfelves 
to  their  former  bulk;  but,  fuppofing  the 
veficles  of  the  lungs  empty  and  collapfed, 
by  what  mechanifm  can  they  expand  them¬ 
felves,  or  where  are  the  antagonill  mufcles 
that  can  overcome  the  natural  contraction  of 
their  fibres  ?  All  the  hollow  mufcles  of  ani¬ 
mals  are  continually  endeavouring  to  contract, 
nor  can  they  be  dilated  by  any  mechanifm 
of  their  own :  thus  the  bladder  of  urine, 
which  may  aptly  enough  be  compared  to  a 
Angle  veficle  of  the  lungs,  fpontaneoufly  con¬ 
tracts  itfelf,  when  the  urine  is  evacuated,  and 

wo  uld 


*  The  reader  may  eafily  fee,  that  our  reafoning  here 
is  of  equal  force,  whether  the  lungs  are  fuppofed  entirely 
cellular,  with  Helvetius  *,  or  partly  veficular  partly  cel¬ 
lular,  with  Winjlow  f. 

*  Memoires  acad.  des  fciences  1718,  edit.  8vo.  p.  30* 
31. 

f  Anatomie.  fe&.  ix.  N°  105. 106.107. 
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. 

would  for  ever  remain  in  this  ftate,  were  it 
not  dilated  by  the  urine  following  anew  into 
it.  In  the  fame  manner  the  ftomach  and  in- 
teftines,  which  are  hollow  mufcles,  have  no¬ 
thing  in  their  ftrucSure  by  which  they  can 
expand  themfelves :  they  are  ever  endea¬ 
vouring  to  arrive  at  their  lead:  capacity,  and 
are  only  prevented  by  the  aliment,  air,  and 
other  fluids  contained  in  them.  It  follows, 
therefore,  that  the  pulmonary  veficles  and 
cells,  which  are  compofed  of  elaftic  con- 

tradtile  fibres,  cannot  poflibly  be  dilated  by 

/  " 

any  power  or  ailion  of  their  own. 

But  further,  if  Mr.  Bremand’ s  experi¬ 
ments  prove  any  thing,  the  lungs  have  not 
only  a  power  of  infpiring  air  by  the  trachea ; 
but,  although  this  fluid  is  denied  its  ufual 
accefs  by  the  glottis ,  can  expand  themfelves 
alternately,  notwithftanding  the  prefiiire  of 
the  atmofphere  upon  their  external  furface 
refilling  fuch  expanfion  ;  which  is  not  lefs 
abfurd,  than  if  one  fhould  affirm,  that  a  bladder 
perfectly  empty,  with  a  tight  ligature  about 
its  neck,  could,  by  its  own  proper  power,  fwell 
and  overcome  the  preflure  of  the  external 
air. 

V  *  4  * 


Having: 
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Having  fhewn  that  the  lungs  cannot  pof- 
libly  be  endued  with  a  power  of  expanding 
themfelves,  it  remains,  that  we  now  inquire, 
to  what  caufes  their  apparent  motions,  in 
Bremond1  s  experiments,  were  owing. 

In  the  two  firft  experiments  above  men¬ 
tioned,  when  the  cavity  of  the  thorax  was 
enlarged  by  the  action  of  the  infpiratory 
mufcles,  a  fmall  portion  of  air  would  be  re¬ 
ceived  by  the  glottis  into  the  lungs  of  the 
wounded  fide :  but  as  this  could  bear  no  great¬ 
er  proportion  to  the  air  entering  by  the  wound, 
than  the  aperture  of  the  glottis  did  to  this 
opening,  the  ribs  would  at  that  time  recede 
from  the  lungs,  which  therefore  would  feera 
to  fubfide.— When  the  thorax  collapfed,  the 
air  contained  betwixt  the  ribs  and  the  fur- 
face  of  the  lungs  efcaping  by  the  wound, 
the  lungs  would  foon  become  contiguous  to 
the  ribs,  and  even  part  of  them  would  be 
pufhed  out  at  the  opening,  not  only  on  ac¬ 
count  of  the  convulfive  conftridtion  of  the 
thorax  fqueezing  the  lungs  much  more,  than 
in  ordinary  expiration,  but  partly  from  the 
frnall  quantity  of  air  received  by  the  glottis 
during  the  former  infpiration,  and  not  yet 
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wholly  expelled,  which  being  rarified  by  the 
heat  of  the  lungs,  muft  considerably  increafe 
their  bulk. 

The  apparent  conftriition  therefore  of  the 
lungs,  when  the  dogs  endeavoured  to  in- 
fpire,  remarked  by  Bremond  in  his  experi¬ 
ments,  is  wholly  to  be  aferibed  to  the  enlarge¬ 
ment  of  the  thorax ,  which  at  this  time  rifes 
from  the  anterior  furface  of  the  lungs ; 
while  they  following  the  diaphragm  now 
ftrongly  drawn  down  towards  the  abdomen , 
really  recede  from  the  Jlernum .  And  if,  du¬ 
ring  expiration,/ upon  the  ribs  being  depref- 
fed,  and  the  diaphragm  being  forcibly  thruft 
up  into  the  cavity  of  the  breaft,  by  the  ft rong 
convulfion  of  the  abdominal  mufcles,  the 
lungs  really  appeared  to  fwell,  and  fome 
portion  of  them  was  even  forced  out  at  the 
aperture  made  in  the  thorax  ;  yet  this  ought 
not  to  be  attributed  to  an  expanfion  of  the 
lungs  happening  at  this  time,  but  rather  to 
the  fubfiding  of  the  ribs  and  the  protrufion  of 
the  diaphragm  into  the  cheft,  whofe  cavity  be¬ 
ing  therefore  greatly  diminished,  the  lungs  (in 
fome  degree  inflated)  not  only  fill  it,  but  being 

preffed  on  all  fides,  are  thruft  out  at  the 

wound. 
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wound,  where  there  is  leaft  refinance,  as  foft 
clay,  leaven,  or  fuch  like  fubftances,  when 
ftrongly  fqueezed  in  the  hand,  are  forced 
through  the  interfaces  between  the  fingers. 

But  further,  while  the  thorax  is  wounded 
only  on  one  fide,  the  lung  of  the  other  fide 
continues  to  follow  the  motions  of  the  cheft 
as  ufual,  and  to  be  alternately  inflated  with 
air  ruflhing  into  it  by  the  glottis  when  there¬ 
fore,  during  expiration,  the  air  is  forcibly  ex¬ 
pelled  out  of  this  lung,  although  the  greatefl 
fhare  of  it  efcapes  by  the  glottis ,  yet,  fince 
fluids  prefs  equally  every  way,  feme  part  muft 
enter  the  large  branches  of  the  trachea  which 
belong  to  the  lung  of  the  wounded  fide,  and 
confequently  dilate  it ;  and  this  the  more  re¬ 
markably,  as  the  animal  iq  howling  con- 
ftridts  its  glottis  more  or  lefs,  and  fo;  renders 
the  egrefs  of  the  air  through  it  more  diffi¬ 
cult;  hence,  during  expiration,  this  lung 
will  appear  to  fwell  confiderably,  and  part 
of  it  will  be  pufhed  out  at  the  opening  in  the 
thorax ,  not  only  as  its  cavity  is  at  this  time 
greatly  lefiened,  but  as  the  lung  itfelf  is  re¬ 
ally  in  fome  degree  inflated:  ’tis  plain  how¬ 
ever, 


*  Highmore  difquifit,  anatom,  p.  188. 
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ever,  that  even  this  inflation  is  owing  to  the 
conftri&ion  of  the  thorax  forcing  the  air  out 
of  the  lung  of  the  found  fide. 

This  is  further  confirmed  by  an  obferva- 
tion  of  Dr.  Houfion ,  who  tells  us,  that  when 
the  dog  howled,  his  lungs  bur. ft  out  at  the 
wound,  but  when  he  was  filent,  they  retired 
within  the  thorax  and  feems  to  be  put  be¬ 
yond  doubt,  even  by  an  experiment  of  Bre- 
world's  own  making,  in  which  although,  after 
making  an  opening  into  one  fide  of  the  tho¬ 
rax ,  and  breaking  three  or  four  ribs,  the  lungs 
were  pufhed  out  at  the  wound,  every  time  the 
breaft  was  contracted ;  yet,  as  foon  as  the  an¬ 
terior  part  of  the  thorax  and  jlernum  were 
raifed,  and  both  fides  of  the  breaft  thus  laid 
open,  the  lungs  inftantly  collapfed,  and  re¬ 
mained  fo  without  any  motion,  notwithftand- 
ing  the  heart,  ribs  and  diaphragm  continued 
their  alternate  motions  for  fome  time  •f. 

Dr .  Highmore )  whofpeaks  of  the  number 
of  his  experiments  made  upon  dogs,  in  or¬ 
der  to  fatisfy  himfelf  concerning  the  manner 
in  which  refpiration  is  performed,  as  having 

almoft 

*  Philofophical  TranfaCHons  abridged,  vol.  9.  p.141. 

f  Memoires  acad.  desfciences  1739?  edit.  8vo.  p.  464, 
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almoft  threatened  the  entire  definition  of 
that  fpecies  of  animals,  obferves,  that  when 
both  fides  of  the  thorax  had  large  wounds 
made  in  them  at  once,  the  lungs  always  col- 
lapfed  *:  nay  there  is  not  one  of  the  many 
experiments  related  by  Bremond  himfelf,  in 
which  the  lungs  were  pufhed  out  of  the  tho¬ 
rax  y  when  both  lides  of  it  were  opened. 

It  muft  be  owned  indeed,  that,  in  two  ex¬ 
periments  of  Van  SwieteHy  the  lungs  did  not 
collapfe,  after  both  fides  of  the  thorax  wTere 
perforated,  but  were  protruded  through  the 
apertures,  during  expiration  •f*.  However,  it 
is  to  be  obferved,  that  the  wounds  feem  to 
have  been  but  fmall ;  fince  he  afterwards  adds, 
that  when  the  opening  in  each  fide  of  the  tho¬ 
rax  parallel  to  the  ribs,  was  half  an  inch  or 
more  in  length,  the  animals  quickly  died. 
Further,  while  the  animals  lay  quiet,  the 
lungs  kept  within  the  cavity  of  the  breaft,  and 
were  only  thruft  out  of  the  wounds,  when, 
on  account  of  pain,  they  made  great  efforts ; 
and  fince  in  draining,  or  any  violent  motion 
of  our  mufcles,  we  always  conflridl  the  glot- 
tisy  and  retain  the  infpired  air  in  the  thoraxy 

it 

*  Difquifit.  anatom.  p«i88. 

t  Comment,  in  Boerhaav .  aphor.  p.271. 
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it  is  more  than  probable,  that  the  eruption  of 
the  lungs  through  the  wounds,  in  expira¬ 
tion,  was  owing  to  the  air  being  retained  in 
them  while  the  thorax  collapfed.  Laftly,  Van 
Swieten  obferved,  that  during  infpiration  the 
orifices  of  the  wounds  became  lefs  patent,  by 
the  ribs  being  drawn  nearer  one  another,  fo 
that  a  lefs  quantity  of  air  would  enter  by  them, 
and  a  greater  proportion  by  the  glottis :  hence 
the  lungs  did  not  collapfe ;  as  always  happen¬ 
ed  in  Highmore's  experiments,  when  very 
large  openings  were  made  at  the  fame  time  in 
both  fides  of  the  thorax  ;  but  when  a  hollow 
tube,  whofe  aperture  greatly  exceeded  that 
of  the  glottis ,  was  introduced  into  the  wound 
of  each  fide,  the  lungs  inftantly  fubfided, 
refpiration  ceafed,  the  voice  failed,  and  the 
dog  feemed  to  die 

With  regard  to  the  phenomena ,  in  expe¬ 
riment  3d  above  mentioned,  it  ought  to  be 
obferved,  that  the  lungs  in  a  natural  ftate,  e- 
qually  fill  the  cavity  of  the  thorax  in  infpira¬ 
tion  and  expiration  ;  if  therefore  we  fuppofe 
the  lungs  to  have  bteen  in  a  middle  ftate  of 
diftenfion,  when  Mr.  Bremond  made  his  liga- 

X  tures 

*  Commentar.  in  aphorifm.  Boerhaav .  tom.  1.  p.  271* 
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tures  on  the  trachea ,  their  bulk  mull  have 
been  confiderably  lefs  than  the  cavity  of  the 
thorax  when  moll  enlarged,  but  at  the  fame 
time  greater  than  this  cavity  when  the  cheft  is 
violently  conftridted :  fo  that  we  ought  not 
to  be  furprifed,  if,  upon  the  elevation  of  the 
ribs  and  depreffion  of  the  diaphragm  in  infpi- 
ration,  the  lungs  appeared  to  fubfide,  and  no 
longer  filled  the  thorax ,  or  if,  upon  the  con- 
ftriftion  of  the  breallin  expiration,  theyfeem- 
ed  to  fwell,  and  part  of  them  was  pufhed  out 
at  the  wound. 

But  though  we  fuppofe  the  trachea  to  have 
been  tied  during  infpiration,  yet  fince  Bre - 
mond  found,  notwithftanding  the  ligatures, 
that  after  the  dog’s  death,  a  fmall  quantity 
of  air  blown  forcibly  through  the  trachea  paf- 
fed  into  the  lungs,  it  is  not  improbable  that 
the  diaphragm  and  ribs  ftrongly  fqueezing  the 
lungs  in  expiration,  had  forced  out  part  of 
the  air  contained  in  them  through  the  wind¬ 
pipe,  fo  as  to  have  reduced  them  to  a  mode¬ 
rate  ftate  of  expanfion. 

Lastly,  if  we  fhould  fuppofe  the  ligatures 
to  have  been  made  even  about  the  end  of  ex¬ 
piration,  yet  the  air  remaining  in  the  lungs, 

being 

o 
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being  rarihed  by  their  heat,  would  foon  in- 
creafe  their  bulk  to  fuch  a  degree,  as  that, 
when  the  thorax  was  greatly  conftrided,  part 
of  them  muft  neceflarily  be  puffied  out  at  the 
wound.  Perhaps  alfo,  during  the  enlarge¬ 
ment  of  the  thorax ,  a  fmall  quantity  of  air 
might,  notwithftanding  the  ligatures,  be  re¬ 
ceived  by  the  trachea  into  the  lung  of  the  found 
fide,  which,  upon  expiration,  would  be 
chiefly  pufhed  into  the  lung  of  the  wounded 
lide,  fince  its  egrefs  by  the  glottis  would  be 
very  difficult,  on  account  of  the  conftridion 
of  the  trachea . 

That  the  apparent  motions  of  the  lungs 
in  the  above  experiments  of  Bremond ,  were 
in  fad  chiefly  owing  to  the  motions  of  the 
thorax ,  particularly  to  the  alternate  deprefiion 
and  afeent  of  the  diaphragm,  an  experiment 
related  by  this  writer  himfelf  muft  convince 
us  >  for  we  are  informed  by  him,  that  the  ab¬ 
domen  of  a  living  dog  being  laid  open,  and 
a  hole  made  in  the  fleffiy  part  of  the  dia^ 
phragm  on  the  left  fide,  the  lung  of  this  fide 
inftantly  collapfed,  and  remained  without  a- 
ny  motion,  although  the  thorax  continued  to 

be  alternately  dilated  and  contracted  for  a  con- 

fiderable 
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fiderable  time  *.  Now,  if  the  lungs  were 
endued  with  a  power  of  expanding  and  con¬ 
tracting  themfelves,  why  did  the  lung  of  that 
fide,'  where  the  diaphragm  was  perforated, 
immediately  cpllapfe  and  ceafe  to  move  ?  Be- 
fides,  does  not  this  experiment  fhew,  that 
the  apparent  motions  of  the  lungs,  and  their 
egrefs  by  the  wounds,  were  chiefly  owing  to 
their  being  alternately  pufhed  up  into  the  ca¬ 
vity  of  the  thorax \  when  the  diaphragm  was 
relaxed  ?  That  the  aicent  of  this  mufcle  into 

.  .  %  V.  1  f- 

the  cheft,  by  the  convulfive  contraction  of  the 
abdominal  mufcles,  efpecially  when  the  dogs 
attempt  to  howl,  contributes  much  more  to 
the  apparent  dwelling  of  the  lungs  and  their 
i fining  out  of  the  thorax  during  expiration, 
than  the  falling  of  the  ribs,  is  evident  from 
another  experiment  of  Bremond ,  who  obfer- 
ved  thefe  motions  of  the  lungs  to  continue, 
although,  with  his  hands,  he  forcibly  hinder¬ 
ed  the  ribs  of  the  wounded  fide  from  moving, 
and  confequently  from  prefiing  the  lungs  al¬ 
ternately  -j-. 

Bremond 

*  Memoires  acad.  des  fciences  1739,  edit,  8vo.  p.  47 1, 

f  Ibid.  p.  482, 
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Bremond  always  obferved,  that  when  the 
ribs  were  elevated,  the  lungs  appeared  red, 
but  became  paler  when  the  cavity  of  the  bread: 
was  diminhhed  *.  The  lungs  being  no  long¬ 
er  preffed  while  the  thorax  was  enlarged,  ad¬ 
mitted  the  blood  from  the  right  ventricle  of 
the  heart  more  readily  into  all  their  veffels; 
but  being  ftrongly  compreffed  by  the  afcent 
of  the  diaphragm,  and  depreffion  of  the  ribs, 
this  blood  mull  in  part  be  expelled ;  when 
of  courfe  they  become  paler. 

What  has  been  faid  above,  mayfervealfo 
to  fhew  how  far  Mr.  Herijfant  is  miftaken, 
when,  from  fome  experiments  of  a  like  na¬ 
ture  with  thofe  of  Bremond ,  he  concludes, 
that  the  apparent  alternate  dilatation  and  con- 
tradtion  of  the  lungs  in  animals  whofe  thorax 
is  laid  open,  is  owing  folely  to  the  blood 
pufhed  into  the  pulmonary  artery  by  the 
right  ventricle  of  the  heart,  which,  by  dila¬ 
ting  and  unfolding  all  its  branches  and  ra¬ 
mifications,  mu  ft  make  the  whole  fubftance 
of  the  lungs  fwell,  and  caufe  the  air  to 
tufla  into  their  veficles  by  the  glottis  ‘f*.  — 

If 

*  Memoires  acad.  fciences  1739,  edit.  p.  4S3. 

f  Hiftoire  acad.  des  fciences  1743?  edit.  8vo.  p.  103. 
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If  this  account  of  the  matter  was  juft,  the 
alternate  fwelling  and  falling  of  the  lungs 
would  be  very  inconliderable,  and  ought  to 
correspond  with  the  contraction  and  dilatation 
of  the  heart ;  which  however  is  not  the  cafe. 
Befides,  it  ought  not  to  be  obferved  at  all, 
when  the  paffage  of  the  air  into  the  veficles 
of  the  lungs  is  obftrudted  by  ligatures  made  on 
the  trachea ,  contrary  to  what  happened  in 
Bremond' s  experiments. 

'Thus  much  being  premifed,  to  {hew  that 
the  lungs  have  not  properly  any  inherent 
power  by  which  they  can  alternately  contradt 
and  dilate  themfelves,  but  that,  in  ordinary 
and  healthful  refpiration,  they  always  follow 
the  motions  of  the  thorax ,  we  proceed  next 
to  inquire,  by  what  power  or  mechanifm  in-* 
fpiration  and  expiration  alternately  fucceed 
each  other,  or  why  the  intercoftal  mufcles 
and  diaphragm  are  contracted  and  relaxed  by 
turns,  fo  long  as  life  remains. 

The  learned  Boerhaave ,  in  order  to  account 
for  the  alternate  motions  of  the  thorax  in  re¬ 
fpiration,  fuppofes,  that,  at  the  end  of  infpi- 
ration,  the  blood  is  tranfmitted  in  fimaller 
quantity  to  the  left  ventricle  of  the  heart, 

fmce 
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fince  the  pulmonary  vefifels  muft  be  conftdef- 
ably  comprefled  by  the  lungs,  which  at  that 
time  are  diftended  greatly  with  air  :  hence 
he  conceives,  that  not  only  lefs  blood  will  be 
diftributed  to  the  intercoftal  mufcles  and  dia¬ 
phragm,  but  alfo  that  the  influence  of  their 
nerves  muft  be  weakened ;  as  the  fecretion  of 
the  fpirits  in  the  cerebellum  muft  be  diminifh- 
ed,  when  a  fmaller  quantity  of  blood  is  pufh- 
ed  into  its  veflek  by  the  heart :  the  caufes, 
therefore,  which  are  fuppofed  to  contract  the 
infpiratory  mufcles  being  weakened  at  the 
end  of  infpiration,  thefe  mufcles  will  be  o~ 
vercome  by  the  natural  refilition  of  the  elaftie 
cartilages  of  the  ribs,  together  with  the  re¬ 
action  of  the  abdominal  mufcles,  &c.  i.  e . 
expiration  muft  neceflarily  follow  ;  but  no 
fooner  does  the  blood,  by  the  motion  of  the 
lungs  in  expiration,  flow  in  a  more  plentiful 
ftream  to  the  left  ventricle  of  the  heart,  than 
the  caufes  actuating  the  infpiratory  mufcles 
begin  to  be  increafed  5  whence  thefe  mufcles 
are  contracted  anew,  i.  e .  infpiration  is  pro¬ 
duced,  to  which,  for  the  reafons  above  men¬ 
tioned,  expiration  muft  neceflarily  fucceed  ; 

and  in  this  way  the  alternate  motions  of  the 

cheft 
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cheft  in  refpiration  are  carried  on  through 
the  whole  of  life  This  theory  it  mu  ft  be 
owned  is  very  ingenious,  and  has  an  air  of 
limplicity  which  cannot  fail  to  recommend  it  5 
but  if  ftrifdy  inquired  into,  it  will  be  found 
altogether  infufficient  to  account  for  the  alter¬ 
nate  motions  of  the  thorax ,  or  to  anfwer  the  | 
phenomena  of  refpiration.  For, 

i.  If  at  the  end  of  infpiration  the  interco- 
ftal  mufcles  and  diaphragm  were  relaxed,  on 
account  of  the  fmaller  quantity  of  blood  and 
fpirits  then  diftributed  to  them,  why  fhould 
not  the  heart,  which  alfo  receives  its  nerves 
from  the  cerebellum ,  be  affedled  in  the  fame 
way  ?  If  the  fecretion  of  vital  fpirits  were  di- 
minifhed,  on  account  of  lefs  blood's  flowing 
from  the  lungs  to  the  left  ventricle  of  the 
heart  at  the  end  of  infpiration,  how  could  the 
pulfe  be  then  equally  flrong  as  at  the  end  of 
expiration  ?  which  however  is  the  cafe,  fo  far 
as  our  fenfe  of  feeling  can  determine.  But, 

2.  Although  we  fhould  grant,  that  at  the 
end  of  infpiration  the  blood  flows  in  a  fmaller 
itream  to  the  left  ventricle  of  the  heart,  yet 
it  will  by  no  means  follow,  that  the  cerebellum 

will 

Boerhaave  inflitut,  med.  §  619.  &  620. 
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Will  ceafe  to  fupply  the  vital  organs  with  fpirits 
fufficient  for  their  alternate  motions ;  fince 
we  know,  that  after  both  the  carotid  arteries 
have  been  tied  in  a  dog,  the  motions  of  the 
heart  and  refpiration  went  on  in  the  ordinary 
way,  while  in  the  mean  time  the  cerebrum 
and  cerebellum  were  deprived  of  more  than 
one  half  of  the  blood  ufually  bellowed  upon 
them 

3.  After  the  lungs  have  been  kept  for 
fome  conliderable  time  in  a  collapfed  flate  by 
an  effort  of  the  will,  the  infpiratory  mufcles 
are  no  fooner  left  to  themfelves,  than  imme¬ 
diately  they  contract,  and  caufe  a  new  infpi- 
ration  5  which  however  could  not  polfibly 
happen  if  Boerbaave  s  theory  was  true,  lince 
in  this  cafe  the  blood  mull  flow  with  more 
than  ordinary  difficulty  through  their  velfels, 
and  confequently  the  caufes  actuating  the  in¬ 
fpiratory  mufcles  mull  be  greatly  weakened  *f% 

Y  But, 

/ 

*  Van  Swieten  comment,  in  Boerhaav.  aphon  vol  r. 
p.  266. 

f  This  argument  muft  conclude  with  the  greater 
force,  fince  even  Boerhaave  himfelf  allows,  that  the  blood 

paffes  lefs  freely  through  the  lungs  when  they  are  collapfed 

than 
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But,  4.  The  infufficiency  of  this  account 
of  refpiration,  is  demonftrated  beyond  doubt, 
by  the  experiments  of  Highmore  and  Bremond, 
who  tell  us,  that,  after  both  fides  of  the  thorax 
were  laid  open,  the  diaphragm  and  interco- 
ftal  mufcles  continued  their  alternate  contra¬ 
ctions  for  a  long  time,  although  the  lungs 
were  collapfed  and  without  motion  Here 
we  find  the  motions  of  infpiration  and  expi¬ 
ration  continued  in  the  thorax ,  while  the 
lungs  remained  always  in  the  fame  ftate,  and 

when  there  was  no  caufe  which  could  make  the 

$ 

blood  flow  alternately  through  the  pulmonary 
vefTels  with  greater  or  lefs  eafe,  nor  confe- 
quently  render  the  infpiratory  mufcles  alter¬ 
nately  paralytic,  through  a  defed  of  blood 
and  fpirits. 

5.  Lastly, 

than  when  they  are  inflated.  cc  Pulmone  per  aerem  dif- 
“  tento,  fanguini  pulfo  ex  cordis  dextro  thalamo,  Jatiora 
44  vafa  arteriofa.  Sc  venofa,  minus  refiftunt ;  tranfitum  ex- 
44  pediunt ;  faciunt  ut  omnis  ille  rapiatur  eo  quam  celer- 
44  rime  ventriculum  finiftrum  verfus  :  collapfus  idem  vix 
44  per  arteriam  pulmonalem  impleri  poteft  liquore  impu!-* 
<c  fo ;  inflatus  per  vafa  aerifera,  facile  fanguiferorum  im- 
64  pletionem  patitur.”  Boerh.  inftitut.  med.  §  200.  N°  2. 

*  Highmore  difquifit.  anat.  p.  185.  &  Memoires  acad, 
«ks  fciences  1739,  edit..8vo.  p.464.467.468. 


other  Involuntary  Motions, 


171 

5.  Lastly,  The  different  phenomena  of 
refpiration,  in  the  air-pump,  difeafes  of  the 
head,  afthma ,  and  in  melancholy  people,  are 
not  to  be  accounted  for  from  Boerhaave  s  theo¬ 
ry,  and  are  alone  fufficient  to  overturn  it :  but 
of  this  more  afterwards. 

The  late  ingenious  Dr.  Martine,  aware  of 
the  difficulties  attending  Boerhaave  s  account 
of  refpiration,  has  propofed  the  alternate 
compreffion  of  the  phrenic  nerves  at  the  end 
of  infpiration,  as  the  caufe  which,  at  that 
time,  renders  the  diaphragm  paralytic,  and 
confequently  produces  expiration  :  he  feems 
indeed  to  doubt,  whether  the  alternate  pref- 
fure  of  the  inflated  lungs  on  the  pofterior 
part  of  the  pleura ,  can,  at  the  end  of  infpira¬ 
tion,  intercept  the  influence  of  the  nerves  be-* 
longing  to  the  intercoftal  mufcles  which  ly 
behind  it :  but  as  the  phrenic  nerves  run  be¬ 
tween  the  lungs  and  pericardium ,  and  are  only 
covered  by  the  thin  mediajlinum ,  he  thinks, 
that,  at  the  end  of  infpiration,  when  the 
lungs  are  much  diftended  with  ratified  air, 
thefe  nerves  muft  undoubtedly  fuffer  fuch  a 
remarkable  compreffion,  as  to  render  the 
mufcle  to  which  they  are  diftributed  paraly¬ 
tic. 
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tic  But  this  account  of  the  motions  of 
refpiration,  however  ingenious,  will  be  found 
Hill  more  defective  and  lefs  fatisfaCtory  than 
Boerhaave  s,  which  we  have  already  rejected. 

1.  This  account  of  refpiration  muft  at  beft 
be  allowed  to  be  defective,  as  it  does  not  in* 
form  us  how  the  intercoftal  mufcles  come  to 
be  alternately  contracted,  as  well  as  the  dia¬ 
phragm.— — It  is  by  no  means  probable,  that 
the  nerves  of  the  intercoftal  mufcles  can  fuffer 
any  more  compreffion  than  ufual  at  the  end 
of  infpiration ;  nor  would  it  ferve  the  Doctor’s 
purpofe  to  fuppofe  they  dq,  fince  he  feems  to 
agree  with  thofe  who  are  of  opinion,  that  the 
two  orders  of  intercoftal  mufcles  are  antago- 
jiifts  to  one  another,  and  confequqntly  are 
contracted  at  different  times. 

2.  Since  the  DoCtor  allows,  that  during 
infpiration  the  nerves  become  rather  freer 
from  compreffion,  why  fhould  not  the  diar 
phragm  remain  contracted,  and  confequently 
the  lungs  continue  ip  their  moft  expanded 
ftate  ?  He  fays  indeed,  that  the  infpired  air, 
rarified  by  the  heat  of  the  breaft,  and  not 
finding  an  exit  free  or  wide  enough  by  the 

glottis , 
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glottis ,  will  at  this  time  prefs  more  upon  the 
veficles  and  membranes  of  the  lungs  3  which 
preflure  muft  be  communicated  to  the  phre¬ 
nic  nerves  running  along  the  pericardium ,  and 
which  are  covered  only  by  the  mediajlinum . 

But  furely  the  rarefadtion  of  the  infpired 
air  at  the  end  of  infpiration,  is  not  fo  remark¬ 
able  or  fudden,  but  that  it  can  iflue  fail  e- 
nough  out  by  the  aperture  of  the  glottis ,  to 
preferve  it  in  cequilihrio  with  the  external  air : 
befides,  as  infpiration  does  not  immediately 
follow  expiration*  but  after  a  fhort  paufe, 
ought  not  the  air  contained  in  the  lungs  at 
the  end  of  expiration  to  be  rarified,  and  fo 
produce  the  fame  eflfedt,  by  its  preffure  upon 
the  veficles  of  the  lungs  and  phrenic  nerves, 
as  at  the  end  of  infpiration  ?  The  Dodtor,  it 
is  true,  feems  to  have  been  aware  of  this  5  and 
therefore  fuppofes,  that,  at  the  end  of  expi¬ 
ration,  the  contradtile  fibres  and  membranes 
of  the  lungs,  will,  by  their  readtion,  prevent 
in  fome  meafure  the  inflating  air  from  pref- 
fing  with  its  whole  force  on  the  phrenic 
nerves.  But  will  not  this  bold  equally  true 
at  the  end  of  infpiration  ?  and  will  not  the 

elaftic  fibres  and  membranes  of  the  lungs  re¬ 
act 
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a£t  with  much  greater  force  when  they  are 
remarkably  diftraCted  by  infpiration,  than 
when  they  are  confiderably  relaxed  at  the 
end  of  expiration  ?  As  the  lungs,  therefore, 
both  in  expiration  and  infpiration,  equally  fill 

*  l 

the  cavity  of  the  thorax ,  the  compreffion 
which  the  phrenic  nerves  fuffier  from  them, 
will  be  pretty  much  the  fame  at  the  end  of 
expiration,  as  in  a  ftate  of  full  infpiration  $ 
and  confequently  the  difference  of  this  pref- 
fare  cannot  account  for  the  alternate  motions 
of  the  mufcle  to  which  they  belong, 

3.  If,  at  the  end  of  infpiration,  the  phre¬ 
nic  nerves  fuffered  fuch  compreffion  from 
the  inflated  lungs,  as  to  render  the  diaphragm 
paralytic,  how  comes  it  to  pafs,  that,  after  a 
full  infpiration,  we  can,  by  an  effort  of  the 
will,  keep  this  mufcle  for  a  conflderable  time 
in  a  ftrong  ftate  of  contraction,  and  thus 
hinder  expiration  from  following  infpiration  ? 

4.  Further,  in  one  of  MirBremond’s  ex¬ 
periments,  wdiere  the  lungs  remained  col  la- 
pfed  and  without  motion,  and  confequently 
where  the  phrenic  nerves  muft  have  been 
cxpofed  to  an  equable  compreffion,  the  inter- 
eoftal  mufcles  and  diaphragm  continued  in  al¬ 
ternate 
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te mate  contraction  and  relaxation  for  above 
a  quarter  of  an  hour 

5.  That  the  motions  of  refpiration  vary 
according  to  the  quantity  or  quality  of  the 
blood  thrown  into  the  pulmonary  artery,  to 
the  free  or  difficult  paffage  it  meets  with  in 
the  veffels  of  the  lungs,  and  to  the  heat  or 
coldnefs,  rarity  or  denfity  of  the  aiu,  are  cir- 
cumflances  of  great  truth  and  importance, 
but  utterly  inexplicable  upon  this  theory. 

6.  Lastly,  N°  2.  3.  4.  and  5.  of  the  ar¬ 
guments  adduced  in  Se£t.  2.  to  fhew  that  the 
alternate  motions*  of  the  heart  cannot  be  ow¬ 
ing  to  the  compreffion  of  the  nerves,  are  here 
of  equal,  yea  of  greater  force  ;  for  the  loft 
and  fpungy  lungs  are  much  lefs  capable,  even 
when  inflated,  of  comprefling  the  nerves, 
than  the  firmer  arteries  and  auricles  of  the 
heart. 

The  various  opinions  of  other  writers,  I 
fhall  not  ftay  to  enumerate,  much  lefs  under¬ 
take  to  refute ;  but  proceed  to  give  an  account 
of  the  motions  of  the  thorax ,  which  we  hope 
will  tend  equally  to  explain  the  appearances 
obferved  in  refpiration,  wdiether  the  lungs 

and 
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and  other  inftruments  concerned  in  it,  be  hi 
a  natural  or  difeafed  date. 

i.  During  infplration  and  expiration,  the 
blood  finds  an  eafy  paflage  through  the  vef- 
fels  of  the  lungs,  as  by  their  alternate  infla¬ 
tion  and  contraction,  it  is  prefled  forward  to 
the  left  ventricle  of  the  heart.  After  infpi- 
ration  is  completed,  it  begins  to  flow  with 
more  difficulty ;  and  at  the  end  of  expiration 
(if  infpiration  does  not  foon  fucceed)  its  mo¬ 
tion  is  ftill  lefs  free.  After  expiration,  there¬ 
fore,  the  blood,  on  account  of  its  difficult 
paflage  through  the  pulmonary  veflels,  is  part¬ 
ly  accumulated  in  them,  and,  by  diftraCting 
their  fenfible  fibres  and  membranes,  aCts  as 
a  Jlimulus  upon  the  pulmonic  nerves,  occa- 
fioning  an  uneafy  fenfe  of  fulnefs,  ftoppage, 
or  fuffocation  in  the  breaft,  which  is  more  or 
lefs  remarkable,  according  to  the  time  during 
which  refpiration  is  ftopt,  the  capacity  of  the 
pulmonary  veflels,  and  the  quantity  of  blood 
thrown  into  them  by  the  right  ventricle  of  the 
heart. 

That  a  Jlimulus  affefting  the  heart  and  ali¬ 
mentary  tube,  flhould  be  the  caufe  of  their  a  1- 
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ternate  contradtions,  as  we  have  fliewn  above, 
is  no  way  improbable,  the  irritating  eaufe  be¬ 
ing  applied  immediately  to  the  organ  to  be 
moved ;  but  that  the  diaphragm  and  interco- 
ftal  mufcles  fhould  be  brought  into  contradti- 
on,  by  a  Jiimulus  afting  upon  the  lungs,  may 
at  firft  appear  fomewhat  extraordinary,  tho\ 
upon  further  confideration,  we  may  affure 
ourfelves  of  the  certainty  of  the  fad:,  from 
the  ftrongeft  and  jufteft  analogy. — Thus,  for 
example;  if  a  few  drops  of  water,  or  any  o- 
ther  liquor,  by  an  accident  in  fwallowing, 
fall  into  the  trachea  the  diaphragm  and  in- 
tereoftal  mufcles  are  inftantly  called  into  add- 
on,  and  continue  to  be  agitated  with  alter¬ 
nate  contractions  and  relaxations,  till  the  fti- 
mulating  eaufe  is  removed.' — Again,  if  a  thin 
pituit  fecerned  in  too  great  quantity,  by  the 
Veffels  and  glands  of  the  bronchia ,  diftills  up¬ 
on  the  veficles  of  the  lungs,  alternate  con- 
vulfions  of  the  diaphragm,  intercoftal  and 
abdominal  mufcles,  enfue ;  which  are  repeat¬ 
ed  over  and  over  again,  till  the  irritating  eaufe 
is  leffened  or  expelled. — In  a  true  peripneu- 
mony  alfo,  when,  by  reafon  of  an  obftrqdti- 
on  in  the  pulmonary  arteries,  the  blood  paffes 

Z  through 


through  the  lungs  with  great  difficulty,  st 
fhort  cough  is  almoft  a  conftant  iymptom. 
Is  it  not  therefore  reafonable  to  infer,  that  a 
lefs  remarkable  jlimulus  or  uneafy  fenfation 
in  the  veffels  of  the  lungs,  will  be  followed 
by  gentler  contractions  of  the  inlpiratory 
mufcles  ? 

After  expiration  is  finiflied,  the  blood 
beginning  to  be  accumulated  in  the  lungs, 
will,  not  only  by  its  quantity  diffracting  their 
veffels,  but  alfo  by  its  heat,  occafion  an  un¬ 
eafy  fenfation,  that  is,  aCt  upon  thefe  parts 
as  a  Jlimulus  in  confequence  of  which  the 
diaphragm  and  intercoftal  mufcles  are  con¬ 
tracted,  and  infpiration  is  performed;  by  which 
the  blood  being  not  only  cooled  by  the  exter¬ 
nal  air,  but  its  paffage  alfo  promoted  towards 

the 


*  The  uneafy  fenfation  which  arifes  when  breathing 
js  interrupted,  may  perhaps  be  partly  owing  to  the  want 
of  fomething  neceffary  to  the  continuance  of  life,  which 
the  air  communicates  to  the  blood  in  the  lungs.  When 
therefore  in  other  places  of  this  Effay,  I  fpeak  of  the  Jli¬ 
mulus  of  the  blood  in  the  lungs  as  the  caufe  of  refpiration, 
I  defire  it  may  be  underftood,  that  I  not  only  include  the 
difagreeable  fenfation  occafioned  by  the  accumulation  of 
the  blood  in  the  pulmonary  veffels,  but  alfo  the  uneafmefs 
which  may  arife  from  its  being  deprived  of  air  to  refrige¬ 
rate,  and  perhaps  otherwife  fit  it  for  the  purpofes  of  life. 
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the  left  ventricle  of  the  heart,  the  Jlimulus 
or  uneafy  fenfation  ceafes :  hence  thefe  mu- 
fcles  are  relaxed ;  and  confequently,  by  the 
reaction  of  the  cartilages  of  the  ribs,  and  the 
ftretched  abdominal  mufcles,  &c.  the  cavity 
of  the  thorax  is  leffened,  i.  e.  expiration  is  per¬ 
formed;  which,  on  account  of  the  difagree- 
able  fenfation  which  begins  to  be  felt  in  the 
lungs,  is  foon  fucceeded  by  a  new  infpiration. 
Although,  in  ordinary  breathing,  we  are  but 
little  feniible  of  this  uneafinefs,  arifing  from 
the  difficult  paffage  of  the  blood  through  the 
lungs  after  expiration  is  finiffied ;  yet  if  one 
attends  to  it,  and  reftrains  infpiration  for  fome 
time,  it  becomes  very  perceptible  :  and  as  in 
afthmatic  patients,  the  laborious  contractions 
of  the  infpiratory  mufcles  are  beyond  all  que- 
ftion  owing  to  an  anxiety  and  fenfe  of  fuffo- 
cation  in  the  bread:  ;  fo  it  is  highly  reafonable 
to  think,  that  in  healthful  people,  the  gentler 
Jlimulus  of  the  warm  blood  accumulated  in  the 
pulmonary  veffels,  is  the  ordinary  caufe  of  in¬ 
fpiration. 

Further,  a  variety  of  phenomena  concur 
to  perfuade  us,  that  the  blood  adting  as  a  Jli¬ 
mulus  on  the  veffels  of  the  lungs,  after  expi¬ 
ration, 
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ration,  is  the  caufe  of  the  fucceeding  contra- 
dion  of  the  infpiratory  mufcles.  Thus  we 
obferve,  that  as  the  blood  flows  in  greater  or 
lefs  quantity  through  the  lungs,  inspiration 
and  expiration  more  quickly  or  flowly  fucceed 
each  other  :  hence  the  quick  breathing  ob~ 
ferved  in  a  fmart  fever,  or  upon  violent  ex- 
ercife. — -Though  the  quantity  of  blood  flow¬ 
ing  through  the  lungs  remains  the  fame,  yet 
if  its  heat  and  bulk  be  increafpd,  refpiration 
becomes  more  frequent :  hence  in  bagnios, 
and  in  the  warm  fummer’s  air,  we  breathe 
pftener,  than  in  our  common  rooms,  and  in 
more  temperate  feafons.  —Again,  when  any 
obftrudion  happens  in  the  pulmonary  veflels, 
which  renders  the  paflage  of  the  blood 
through  them  more  difficult  than  in  health, 
refpiration  is  more  laborious  and  more  fre¬ 
quently  repeated  :  hence  the  quick  breathing 
in  peripneumonies,  and  other  diforders  con- 
fequent  upon  the  lungs  being  obftruded. — 
If  a  portion  of  the  lungs  be  rendered  ufelefs, 
or  be  wholly  confumed  by  an  ulcer,  the  pa¬ 
tient  is  fhort-breatlfd  and  fubjed  to  afthmatic 
fits,  upon  the  ieaft  fatigue,  or  upon  any  in¬ 
crease  of  motion  or  rarefadion  in  the  blood. 

Since 
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Since  therefore  it  appears,  that  the  mo¬ 
tions  of  refpiration  are  always  proportional  to 
the  quantity  of  blood  thrown  into  the  pulmo¬ 
nary  veffels,  and  its  eafy  tranfit  through  them, 
this  fluid  ought  undoubtedly  to  be  efteemed 
the  caule  which  excites,  regulates  and  conti¬ 
nues  thefe  motions ;  and  fince  refpiration  is 
more  frequent  and  laborious,  when  a  lefs 
quantity  of  blood  paffes  with  greater  difficulty 
through  the  lungs,  than  when  a  larger  ftream 
flows  through  their  veffels  with  more  eafe ; 
thefe  increafed  motions  of  the  thorax  cannot 
be  owing  to  the  infpiratory  mufcles  being 
more  plentifully  fupplied  with  blood  and  fpi- 
rits,  but  muff:  proceed  from  the  Jlimiihs  or 
uneafy  fenfation  accompanying  the  difficult 
paflfage  of  the  blood  through  the  pulmonary 
veffels,  or  its  ftagnation  in  them.  And  does 
not  this  plainly  £hew>  why  blood-letting  gives 
more  fpeedy  relief  in  fits  of  difficult  breath¬ 
ing,  than  any  other  remedy  ? 

2.  If  it  be  afked,  how  a  JUnmlus  or  uneafy 
fenfation  in  the  lungs  can  affedt  the  infpira¬ 
tory  mufcles,  with  which  they  feem  to  have 
no  immediate  connexion ;  I  anfwer,  It  were 

eafy 
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eafy  to  afcribe  this  efFeft  to  the  fympathy  of 
nerves,  a  phrafe  indeed  oftener  ufed  than  well 
underftood !  but  as  the  pulmonic  plexus  has 
no  greater  connexion  or  communication  with 
the  phrenic  nerves,  and  thofe  which  fupply 
the  intercoftal  mufcles,  than  with  the  nerves 
of  the  ftomach,  guts,  and  other  abdominal 
vifcera ,  which  are  no  way  affected  by  the 
gentl zjlimulus  of  the  blood  as  it  paffes  through 
the  pulmonary  veffels  $  I  think  we  cannot 
fairly  afcribe  the  motions  of  the  infpiratory 
mufcles  to  any  fympathy  or  connexion  their 
nerves  have  with  thofe  of  the  lungs.  Fur¬ 
ther,  as  the  nerves  of  the  infpiratory  mufcles 
and  lungs,  moft  certainly  do  not  terminate 
precifely  in  the  fame  part  of  the  brain,  but 
probably  in  places  fomewhat  diftant  from  each 
other,  any  fympathy  that  obtains  between 
them,  as  proceeding  from  one  common  ori¬ 
gin,  muff  be  owing  to  something  equally 
prefent  in  thefe  feveral  places,  i.  e>  to  the  mind 
or  fentient  principle  :  for  without  fuppofing 
fome  percipient  being  in  the  brain,  how  can 
an  irritation  of  the  extremities  of  the  nerves, 
taking  their  rife  from  one  part  of  the  brain, 
occafion  a  more  than  ordinary  derivation  of 

fpirits 
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fpirits  into  fuch  nerves  as  have  their  origin 
from  a  different  part  ?  If  external  objedts  adt 
on  the  nerves  only,  by  putting  a  flop  to  the 
equable  progrefiion  of  their  fluid,  or  by  exci¬ 
ting  fome  vibratory  motions  in  them,  how 
can  any  of  thefe  occafion,  not  only  a  more  co¬ 
pious  derivation  of  fpirits  through  the  nerves 
thus  affedted,  but  alfo  through  a  variety  of 
other  nerves  with  which  they  have  no  con¬ 
nexion,  and  whofe  rife  is  from  a  different 
part  of  the  brain  ?  The  fympathy,  therefore, 
or  confent  obferved  between  the  nerves  of  va¬ 
rious  parts  of  the  body,  is  not  to  be  explained 
mechanically,  but  ought  to  be  afcribed  to  the 
energy  of  that  fentient  being,  which  feems 
in  a  peculiar  manner  to  refide  in  the  brain, 
and,  by  means  of  the  nerves,  moves,  adluates, 
and  enlivens  the  whole  machine. 

But  further,  if  the  fympathy  obfervable 
between  different  parts  of  the  body,  be  wholly 
owing  to  the  connexion  or  communication  of 
their  nerves,  how  comes  the  pupil  to  be  con¬ 
tracted  by  the  adtion  of  light  on  the  retina , 
when  the  nerves  of  the  uvea  have  not  only  no 
communication  with  the  optic  nerve,  but  a- 
rife  from  a  pretty  diftant  part  of  the  brain  ? 

or. 
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or,  if  there  were  fome  general  fympathy  be¬ 
tween  the  nerves,  why  fhould  not  the  longi- 
tudinal  fibres  of  the  uvea  be  contracted,  as 
well  as  the  orbicular  ones,  and  fo  the  con- 
ftriCtion  of  the  pupil  be  prevented  ?  If  the 
alternate  contractions  of  the  infpiratory  mu- 
fcles  were  owing  merely  to  their  receiving  a 
few  nervous  twigs  from  the  intercoftals, 
which  furnifh  the  plexus  pulmonicus ,  why  is 
not  the  heart  and  alimentary  tube  equally  af- 
feCted  with  them,  by  a  Jlimulus  or  uneafy  fen- 
fation  in  the  lungs  ?  why  are  not  the  inter- 
coflal  mu  cles  as  much  convulfed  in  vomiting 
as  the  diaphragm  and  abdominal  mufcles  ? 
and  why,  upon  an  irritation  of  the  membrane 
of  the  nofe  and  trachea ,  are  not  the  abdo¬ 
minal  mufcles  contracted,  till  the  infpiratory 
mufcles  begin  to  be  relaxed  ?  Thefe  questi¬ 
ons  will  fcarce  be  anfwered  Satisfactorily,  up¬ 
on  any  Scheme  of  fympathy  depending  whol¬ 
ly  on  the  communication  or  connexion  of 
nerves  ;  but  have  no  difficulty  in  them,  if  the 
motions  now  mentioned  be  referred  to  the 
mind  or  Sentient  principle. 

When,  therefore,  in  confequence  of  a  dis¬ 
agreeable  fenfation  in  the  lungs,  arifing  from 

the 
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the  difficult  paffage  of  the  blood  through  their 
veflels  foon  after  expiration  is  finifhed,  the 
infpiratory  mufcles  are  contradted;  we  are 
not  to  aferibe  this  to  any  unknown  fympathy 
adting  mechanically  upon  thefe  mufcles  or 
their  nerves  3  but  to  the  mind  or  fentient 
principle,  which  being  affedted  by  the  un- 
eafy  perception  in  the  lungs,  is  thereby  ex¬ 
cited  to  determine  the  influence  of  the  nerves 

\  , 

more  copioufly  into  the  intercofial  mufcles 
and  diaphragm ;  by  which  the  cavity  of  the 
thorax  being  enlarged,  and  the  lungs  inflated 
with  frefh  air,  the  difagreeable  fenfation  in 
them  is  removed  ;  and  confequently  the  ex¬ 
traordinary  derivation  of  the  nervous  influence 
into  the  infpiratory  mufcles  ceafes  :  hence, 
by  the  renitency  of  the  elaftic  cartilages  of  the 
ribs,  abdominal  mufcles,  &c.  the  cavity  of  the 
thorax  is  leflfened ;  /.  e>  infpiration  is  naturally 
followed  by  expiration  which  again  mufl 
foon  be  fucceeded  by  a  new  infpiration,  on 
account  of  the  particular  fenfation  which  be¬ 
gins  to  arife  in  the  lungs. 


3.  It  does  not  appear*  that  any  effort  of 
the  mind  or  fentient  principle  is  neeeffary  to 

A  a  expira^ 
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expiration  ;  for  this  naturally  takes  place  as- 
foon  as  the  mufcles  of  infpiration  ceafe  to  aCh 
The  renitency  of  the  cartilages  of  the  ribs 
and  ftretched  pericardium  and  peritonaeum ,  are 
wholly  owing  to  the  elafticity  of  the  parts, 
and  not  to  any  mufcular  contraction  or  addi¬ 
tional  force  communicated  to  them  at  this 
time  ;  nay,  the  reaction  of  the  abdominal 
mufcles  in  expiration,  feems  to  be  pretty 
much  of  the  fame  kind  ;  although  it  is  not 
improbable,  that  the  extenfion  of  their 
fibres,  by  the  depreffion  of  the  diaphragm  in 
infpiration,  may,  as  a  very  gentle  ftimulus>  ex¬ 
cite  in  them  a  true  mufcular  contraction 
However,  this  irritation  prompting  the  abdo¬ 
minal  mufcles  to  contract  at  the  end  of  infpi¬ 
ration,  mu  ft  be  very  inconfiderable,  and  in  no 
way  like  the  convulftve  motions  induced  on 
other  mufcles  by  a  ftimulus ;  fince,  when  they 
are  greatly  ftretched  by  a  very  full  infpiration, 
we  don’t  find  any  difficulty  in  preventing  their 
contraction,  or  in  moderating  it  as  we  pleafe ; 

while, 

*  The  fame  thing  may  be  faid  of  the  flernocoftal  mufcles, 
which  are  generally  thought  to  pull  the  Jlernum  and  carti  ¬ 
lages  of  the  ribs  downwards  and  backwards  in  expiration, 
but  which  feem  fcarcely,  if  at  all,  to  a£t  in  ordinary  and 
gentle  expiration. 
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while,  on  the  contrary,  in  vomiting  their  mo¬ 
tions  are  altogether  convulflve  and  involunta¬ 
ry.  Further,  the  thorax  of  dead  animals  be¬ 
ing  in  a  full  ftate  of  expiration,  fhews  that 
this  is  brought  about,  after  all  mufcular  adion 
ceafes,  by  the  mere  elaftic  force  of  the  parts. 
Nor  is  it  any  objection  here,  that  when  air  is  • 
blown  into  the  thorax  of  a  dead  body,  expi¬ 
ration  is  performed  more  flowly  than  in  a  li¬ 
ving  one  ;  becaufe,  by  the  cold  and  total 
ftagnation  of  the  fluids,  the  parts  not  only 
become  more  rigid,  and  the  articulations  of 
the  ribs  lefs  moveable,  but  the  inftruments  of 
expiration  lofe,  in  a  good  meafure,  their  ela¬ 
ftic  power. 

Lastly,  the  phenomena  obfervable  in  co- 
matous  patients,  and  which  we  {hall  hereafter 
take  notice  of,  fhew,  that  whereas  infpiration 
is  owing  to  the  energy  of  the  fentient  prin¬ 
ciple,  and  is  here,  therefore,  in  a  manner  in¬ 
terrupted,  expiration  is  performed  as  ufual  * 
which  could  not  happen,  if,  like  infpiration, 
it  proceeded  from  the  mind,  or  from  any 
particular  fenfation  direding  it  to  put  certain 
mufcles  in  adion  ;  for  in  that  cafe  there  ought 
to  be  a  paufe  at  the  end  of  infpiration,  as  well 


1 88 


Of  the  V?  tal  and 

as  at  the  end  of  expiration.  Upon  the  whole 
then,  we  may  conclude,  that  expiration  natu¬ 
rally  enfues  as  foon  as  ever  the  infpiratory  mu- 
fcles  ceafe  to  ad,  chiefly  by  virtue  of  the  ela-  < 
Ilicity  of  the  diftraded  parts,  and  fcarcely  at 
^11  by  the  power  qf  any  mufcular  contradi- 
on  '  - 

Here  we  may  obferve  a  remarkable  ana- 
logy  betwixt  the  motions  qf  the  pupil,  and 
of  th e  thorax  in  refpiratipn.  The  coardation 
of  the  pupil,  when  light  is  admitted  into  the 
eye,  is  owing  to  the  mufcular  contradion  of 
the  circular  fibres  of  the  meay  in  which, 
therefore,  it  feems  tp  correfpond  with  infpi- 
ration  ;  but  its  relaxation  when  the  jtimulm 
of  light  ceafes,  is  produced  merely  by  the 
natural  contradion  of  the  longitudinal  fibres 
pf  this  membrane,  and  confequently  in  this 

it  refembles  expiration. 

-  <  ■  - . 

4.  If  it  be  demanded,  why,  after  the  lungs, 
by  an  effort  of  the  will,  have  been  kept  for 

fome 

*  What  is  faid  here,  is  only  meant  of  ordinary  and 
gentle  expiration,  which  is  performed  without  confciouf- 
nefs,  or  the  affiftance  of  any  of  thofe  mufcles  which  a 8;  in 
violent  expiration. 


1 


ether  Involuntary  Motions.  189 

fome  time  in  a  ftate  of  full  infpiration,  the 
infpiratory  mufcles  are  immediately  relaxed, 
when  this  effort  ceafes,  and  not  rather  conti¬ 
nued  in  a  ftate  of  contraction,  feeing  there 
is  an  uneafy  fenfation  in  the  lungs,  equal  to 
what  happens  after  expiration ;  the  anfwer  is, 
that  the  difagreeable  fenfation  is  of  a  different 
kind,  and  which,  the  keeping  the  lungs  in 
a  ftate  of  infpiration,  would  tend  rather  to  in- 
creafe  than  remove  :  for  fuch  is  the  conftitu- 
tion  of  our  frame,  and  the  law  of  that  won¬ 
derful  union  connecting  the  foul  and  body, 
that  the  former,  upon  any  uneafy  percepti¬ 
on,  produces  fuch  motions  and  changes  in  the 
latter,  as  naturally  and  moft  effeCtualy  tend 
to  leffen  it,  or  expel  the  irritating  caufe.  — 
Thus  the  uneafy  fenfation  arifing  from  the 
aCtion  of  light  upon  the  tender  retina ,  is  not 
followed  by  a  contraction  of  the  longitudinal 
fibres  of  the  uvea ,  becaufe  this  would  not 
have  the  effeCt  of  diminifhing,  but  of  adding 
to  the  difagreeable  perception.  For  the  fame 
reafon,  the  mind,  in  confequence  of  a  Jiimu - 
lus  or  uneafy  feeling  in  the  lungs,  determines 
the  influence  of  the  nerves  into  the  interco- 
ftal  mufcles  and  diaphragm,  and  not  into  the 

mufcles 
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mufcles  of  the  abdomen,  back,  or  loins.  But 
further,  the  continuing  the  infpiratory  mu¬ 
fcles  for  any  time  in  a  Hate  of  full  contra&ion, 
never  fails  to  give  fome  degree  of  uneafinefs; 
fo  that  it  is  no  wonder,  if  they  be  relaxed  as 
foon  as  the  effort  of  the  will  ceafes. 

5.  Sudden  furprize,  or  anything  that  will 
but  for  a  few  moments  ftrongly  fix  the  atten¬ 
tion  of  the  mind,  prevents  the  hiccup,  if  it 
be  from  a  weaker  caufe.- — Sneezing  is  ftiffied 
in  the  beginning,  whenever  an  attempt  to 
perform  it  raifes  an  acute  pain  in  any  part  of 
the  body ;  as  frequently  happens  in  rheuma- 
tifms  affecting  the  mufcles  of  the  back  or 
thorax .  In  thefe  cafes,  the  mind,  being  more 
ftrongly  affe&ed  by  fomething  elfe,  becomes 
in  a  great  meafure  infenfible  of  the  irritation 
wherefore  no  violent  or  convulfive  motion  en- 
fues.- — In  the  fame  manner,  if  there  be  only 
a  gentle  irritation  in  the  trachea ,  any  thing 
that  renders  the  mind  lefs  fenfible  of  this,  will 
prevent  coughing.  Hence  in  time  of  eating 

a 

*  How  a  ftronger  fenfation  fhould  deftroy,  or  render  the 
mind  infenfible  of  a  weaker  one,  is  a  queftion  attended 
with  fome  difficulty ;  concerning  which  fee  below  Sed.  xh 
anfwer  to  objection  2. 


other  Involuntary  Motions.  191 

a  tickling  cough  generally  ceafes,  or  is  lefs 
frequent;  for  not  only  the  chewing  and  fwal- 
lowing  of  the  food  engage  the  attention  of 
the  mind  at  that  time,  but  the  motions  of  the 
larynx  in  deglutition  have  almoft  the  fame 
effedt  in  leffening  the  fenfe  of  irritation  in  the 
trachea ,  as  fridtion  has  in  diminifhing  a  fmall 
degree  of  pain,  or  itching,  in  any  part  of  the 
body.  As  therefore  the  convullive  motions 
of  coughing,  fneezing  and  the  hiccup,  are  un¬ 
doubtedly  owing  to  an  uneafy  fenfation  affect¬ 
ing  the  mind,  may  we  not  juftly  conclude, 
that  the  gentler  Jiimulus  of  the  blood,  in  the 
veffels  of  the  lungs,  becomes,  through  the 
intervention  of  the  mind  or  fentient  principle, 
the  caufe  of  the  lefs  violent  motions  of  the 
infpiratory  mufcles  ? 

'i.  ' 

6.  This  however  will  flill  further  appear, 
from  confidering  the  phcenomena  of  refpirati- 
on  in  fome  morbid  cafes,  and  in  animals  pla¬ 
ced  in  a  receiver  partly  exhaufted  of  air. 

a  In  acute  difeafes,  where  the  head  is  much 
affedted,  a  remarkable  alteration  often  hap¬ 
pens  in  the  breathing:  expiration  indeed  fuc- 
ceeds  infpiration  in  the  ufual  way;  but  fome- 

times. 
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times,  after  expiration  is  finifhed,  there  is  & 
long  paufe  before  a  new  infpiration  is  begun « 
In  a  patient,  whofe  brain  was  affedted  from 
an  ifchuria,  I  obferved  this  interval  between 
the  end  of  one  expiration  *  and  the  beginning 
of  a  fubfequent  infpiration,  to  be  many  times 
from  feven  to  ten  feconds  2  but  in  a  young 
Lady,  who  died  apoplediic,  infpiration  fome- 
times  did  not  fucceed  the  expiration,  till  after 
I  had  counted  20,  30,  40*  or  even  more  beats 
of  my  pulfe,  which  did  not  vibrate  above  75 
times  in  a  minute.  This  phenomenon,  which 
Is  eafily  explained,  upon  the  principles  we 
have  laid  down,  is  altogether  inconfiftent 
with  every  mechanical  account  of  refpiration 
that  has  hitherto  appeared,  or  indeed  with 
any,  we  prefume,  which  may  poffibly  be  de¬ 
viled  hereafter* 

In  thefe  cafes,  the  brain,  and  common  fen-* 
fory,  being  greatly  affedted,  the  mind  or  fen-* 
tient  principle  muft  have  been  much  lefs 
fenfible  than  it  ufually  is  of  any  impreffion, 
irritation  or  ftimulus  affedting  the  nerves. 
Hence  after  expiration  which,  from  the  refi- 
lition  of  the  cartilages  of  the  ribs,  &c*  natu¬ 
rally,  and  without  the  intervention  of  the 

mind 
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fnind  fucceeds  infpiration,  a  long  paufe  inter¬ 
venes  before  a  new  infpiration  comes  on  ;  be- 
caufe  the  mind  is  not  roufed  up  to  exert  her 
influence,  till  the  uneafinefs  and  fenfe  of  fuf- 
focation  in  the  bread  becomes  fo  considerable* 
as  to  awake  her,  as  it  were,  out  of  a  profound 
deep.  Let  any  one,  after  expiration  is  finidi- 
ed,  keep  his  thorax  in  that  date  for  half  a  mi¬ 
nute  or  more*  and  he’ll  feel,  before  that  time 
is  elapfed,  fuch  an  uneafinefs  in  his  bread,  as 
will  beget  in  him  the  dronged  defire  of  dila- 
ting  the  lungs,  and  taking  in  frefh  air. 

It  is  plain,  that,  after  fuch  a  dop,  if  Boer - 
haave  s  theory  were  true,  infpiration  never 
could  fucceed,  becaufe  it  mud  neceffarily  oc- 
eafion  a  much  greater  obdrucdion  to  the  mo¬ 
tion  of  the  blood  through  the  lungs,  than  can 
ever  happen  at  the  end  of  infpiration,  and 
confequently  render  the  infpiratory  mufcles 
altogether  unable  to  overcome  their  antago- 
nids,  and  dilate  the  thorax.—  If  refpiration 
were  owing  to  the  alternate  compreflion  of 
the  phrenic  nerves,  would  not  thefe  nerves, 
on  account  of  the  blood  accumulated  in  the 
veflels  of  the  lungs,  be  more  comprefied  20 
or  30  feconds  after  expiration,  than  jud  when 
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it  was  finifhed,  and  confequently  be  rendered 
then  more  incapable  to  actuate  the  infpiratory 
mufcles  ? 

£  But  the  truth  of  what  we  have  been 
contending  for,  will  ftill  further  appear  from 
the  following  hiftory.  A  child  of  five  years 
of  age,  having*  at  7  o’  clock  in  the  evening, 
fwallowed,  by  miftake,  about  a  dram  and  a 
half  of  liquid  laudanum ,  foon  became  merry, 
and  laughed,  then  delirious,  and  in  half  an 
hour  was  feized  with  a  fleepinefs  and  fupor  y 
at  10  her  breathing  was  high*  with  a  fnoring 
noife,  her  pulfe  full  and  equal,  though  flow  * 
fhe  could  not  be  fully  awaked,  but  looked 
up  a  little,  and  feemed  to  be  fenflble  of  pain, 
when  feverely  pinched  :  about  1  j  her  face 
became  pale,  her  eyes  fixed  and  glazed,  and 
her  breathing  would  often  gradually  decreafe, 
and  at  laft  flop,  for  near  a  minute  ;  then  it 
began  again  with  a  very  deep  infpiration  and 
fighing.  At  firft  when  the  breathing  began 
to  be  thus  interrupted,  the  intervals  were 
fhorter,  but  became  gradually  longer  till  the 
patient  died.  While  the  motions  of  refpira- 
tion  were  decreafing,  the  pulfe  was  fmaller ; 
and  when  they  were  altogether  ftopt,  it  was 

very 
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very  weak  and  flow,  but  equable  and  without 
intermiflions :  when  refpiration  began  to  be 
renewed,  the  pulfe  recovered  its  ftrength,  and 
became  lefs  flow. 

The  interrupted  breathing  is  eafily  ac¬ 
counted  for,  from  the  Jiupor  and  infenfibility 
which  opium  never  fails  to  occafion  when  ta¬ 
ken  in  too  great  quantity  ;  and  the  intervals 
becoming  gradually  longer,  could  be  only  ow¬ 
ing  to  the  fenfes  being  more  and  more  lock’d 
up  by  the  further  adtion  of  the  laudanum ,  till 
at  laft,  the  mind  becoming  altogether  infen- 
fible  of  the  Jlimulus  or  fuffocation  in  the 
lungs,  a  final  flop  enfued.- — Further,  it  is  e~ 
vident,  from  the  remarkable  weaknefs  and 
flownefs  of  the  pulfe  while  refpiration  was 
fufpended,  that  its  recommencement  could 
not  be  owing  to  any  mere  mechanical  caufe  ; 
for  the  fecretion  of  fpirits,  and  every  function 
of  the  body  depending  on  the  general  circu¬ 
lation  of  the  fluids,  mull  have  been  more  lan¬ 
guid  immediately  before  the  renewal  of  refpi¬ 
ration,  than  when  it  began  to  ceafe.  It 
would  be  vain  to  pretend  to  account  for  the 
phenomenon  now  mentioned  from  any  com- 
preflion  of  nerves,  or  alternate  ofcillations  of 

/  a 
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a  highly  elaftic  fluid  in  the  fibres  of  the  in- 
fpiratory  mufcles ;  for  when  the  heart  itfelf 
was  finking,  and  all  motion  in  the  body  rea¬ 
dy  to  ceafe,  every  mechanical  power  that  can 
poffibly  be  imagined  to  excite  refpiration, 
mull  have  been  lefs  able  to  renew  this  mo¬ 
tion,  than  it  was  a  little  before  to  have  con¬ 
tinued  it. — -  Laftly,  fince  the  pulfe  was  at  all 
times  flow,  and  in  the  intervals  of  refpiration, 
not  only  weaker  than  ufual,  but  alfo  more 
remarkably  flow,  it  appears  that  the  heart 
was  in  forne  meafure  rendered  lefs  obedient 
to  the  ftimulus  ufually  affedting  it  Nor  is 
this  furprifing ;  fince,  from  live  diffedtions, 
we  know,  that  a  large  dofe  of  opium  almoft 
entirely  fufpends  the  periftaltic  motion  of  the 
ftomach  and  guts  The  heart  feems  to 
be  endued  with  a  much  greater  degree  of  fen-* 
Ability  than  the  lungs ;  and  this  perhaps  may 
be  the  reafon,  why  its  motion  was  lefs  re¬ 
markably  difturbed  by  the  ftupor  occafioned 
by  the  laudanum ,  than  that  of  refpiration, 
which,  befides,  is  performed  by  mufcles  whofe 

fibres 

f  See  below  Se&.  xiii.  N°  24.  h  25. 

t  Wef*  f^ciens,  434.  ^435. 
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fibres  or  membranes  have  no  Jlimulus  immedi¬ 
ately  applied  to  them. 

y  In  the  Edinburgh  Medical  EJfays ,  voL  V. 
art .  55.  we  are  told,  that,  after  blowing  into 
the  lungs  of  a  man,  who  had  been  dead  to 
all  appearance  for  above  half  an  hour,  the 
thorax ,  which  was  by  this  means  elevated  a 
little,  continued  alternately  to  rife  and  fall, 
gradually  acquiring  greater  degrees  of  motion, 
till  at  laft  refpiration  came  to  be  as  fully  per¬ 
formed  as  in  healthful  people.  Could  this  be 
owing  to  any  mere  mechanical  powers  in  the 
body  ?  No,  furely.  A  machine  adjufted  ac¬ 
cording  to  the  moft  exquifite  rules  of  art,  tho* 
it  might  for  fome  time  have  preferved  the  mo¬ 
tion  communicated  to  it,  could  never  of  itfelf 
have  generated  a  greater  motion  !  In  order 
therefore  to  account  for  the  renewal  of  refpi¬ 
ration  in  this  cafe,  we  muft  have  recourfe  to 
the  energy  of  the  sentient  principle,  ex¬ 
erted  here  in  confequence  of  the  motion  im¬ 
parted  to  the  fluids  in  the  lungs,  by  their  firft 
inflation. 

d  THOUGHTFULmelancholypeople,  whofe 
minds  are  greatly  taken  up  with,  and  ftrong- 
ly  attached  to  certain  objects,  being  hence  lefs 

affedted 
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affected  by  the  ftimulus  or  {lighter  uneafinefs 
which  begins  to  be  felt  in  the  lungs,  after  ex¬ 
piration  is  ended,  ufually  perform  refpirati- 
on  more  {lowly,  and  after  longer  intervals, 
than  thofewho  are  in  perfeCt  health;  by  which 
means,  the  blood  palling  lefs  freely  through 
the  pulmonary  veffels,  and  being  partly  accu¬ 
mulated  in  them,  a  fenfe  of  weight  and  fuf- 
focation  arifes,  which  more  powerfully  affeCts 
the  mind,  obliging  them  often  to  draw  in  a 
more  than  ordinary  quantity  of  air,  and  occa- 
fioning  what  is  ufually  called  a  deep  figh. 

*  By  what  mechanifm  can  it  be,  that  in 
the  half-exhaufted  receiver  of  an  air-pump, 
animals  breathe  quicker  and  higher  ?  Certain¬ 
ly,  upon  Boerhaave  s  principles,  the  motions 
of  refpiration  ought  not  to  be  redoubled  in 
this  cafe,  fince  the  blood  flows  with  greater 
difficulty  through  the  lungs.  And  if,  accor¬ 
ding  to'  Swammerdam  and  Pitcairn ,  the  alter¬ 
nate  motions  of  the  thorax  were  owing  to  the 
infpiratory  mufcles  having  no  antagonifts,  how 
could  this  be  altered  by  the  air's  being  render¬ 
ed  lighter,  or  in  what  poffible  way  could  this 
or  the  ftagnation  of  the  blood  in  the  lungs, 
make  thefe  mufcles  repeat  their  contractions 

more 
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more  ftrongly  and  frequently  ?  But  it  is  evi¬ 
dent,  that/upon  the  fchemewe  have  advanced, 
in  proportion  as  the  air  in  the  receiver  is  ex- 
haufted,  and  refpiration  becomes  more  diffi¬ 
cult,  the  mind  muff  redouble  its  efforts,  in 
order  to  dilate  the  lungs  more  fully,  and  to 
get  rid,  if  poffible,  of  that  anxiety,  or  fenfe 
of  fuffocation,  which  ever  accompanies  the 
ftagnation  of  the  blood  in  the  pulmonary  vef- 
fels,  or  its  difficult  paffage  through  them. 

I  Lastly,  upon  what  hypothecs ,  founded 
wholly  in  the  received  properties  of  bodies 
and  the  laws  of  motion,  can  it  be  fhewn,  that 
the  frequency  and  fulnefs,  flownefs  and  fnfral- 
nefs  of  refpiration  fhould,  in  healthy  people, 
conftantly  be  in  proportion  to  the  heat  and 
cold,  rarity  and  denfity  of  the  air  ? 

7.  Respiration  differs  from  moft  of  the 
other  fpontaneous  motions,  in  that  the  will 
has  an  abfolute  power  over  it :  thus  we  can 
at  pleafure  accelerate,  retard,  or  put  an  entire 
flop,  for  a  confiderable  time,  to  the  motions 
of  the  intercoftal  mufcles  and  diaphragm :  nor 
is  this  power  of  the  will  over  thefe  mufcles 
owing  (as  Boerhaave  thinks  *)  to  the  minds 

Pre- 
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preventing  their  alternate  contraction,  by  N 
means  of  the  ftronger  voluntary  mufcles, 
which  are  employed  in  laborious  refpiration  $ 
for  any  one,  by  trying  the  experiment,  may 
quickly  fatisfy  himfeif,  that,  without  the  af- 
fiftance  of  any  other  mufcle,  he  can,  when 
he  pleafes,  contradt  the  diaphragm  with  dif¬ 
ferent  degrees  of  force,  or  hinder  its  motion 
altogether. — But  though  refpiration  thus  dif¬ 
fers  from  the  proper  involuntary  motions,  yet 
it  does  not  perfectly  agree  with  the  voluntary, 
fince  it  is  regularly  performed  in  time  of  deep* 
and  when  we  are  not  confcious  of  it. 

«  The  motions  of  the  intercoftal  mufcles 
and  diaphragm  are  not,  like  thofe  of  the  heart 
and  guts,  independent  on  the  will*  becaufe 
the  ftimulus  exciting  their  action  is  applied  to 
a  diftant  part,  and  not  to  the  organs  moved  ; 
and  while  fuch  ftimulus  is  gentle*  and  the 
part  affedted  by  it  not  very  fenfible,  as  is  plain¬ 
ly  the  cafe  of  the  lungs,  the  contradtion  of  the 
mufcles  that  is  wont  naturally  to  follow  it,  may 
be  prevented  by  the  interpolition  of  the  will* 
but  if  the  ftimulus  and  uneafy  fenfation  be 
greatly  increafed,  the  ufual  motions  enfue,  in 
fpite  of  any.  determination  of  the  will  to  the 

contrary. 
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contrary.  Thus,  when  the  membrane  of  the 
trachea  is  only  flightly  irritated,  we  can  re- 
ftrain  coughing;  but  when  it  is  more  ftrong- 
ly  affected,  all  endeavours  to  hinder  it  are  in 
vain. — When  an  ordinary  Jlimulus  to  go  to 
ftool  or  make  urine  urges,  though  the  dia¬ 
phragm  and  abdominal  mufcles  be,  as  it  were, 
fpontaneoufiy  contracted,  yet  we  can  reftrain 
their  motions  if  we  pleafe ;  but  in  a  violent 
tenefmus  or  ftrangury,  they  are  convulfively 
contracted,  notwithftanding  any  effort  of  the 
will  to  the  contrary. — -In  like  manner,  the 
Jlimulus  exciting  the  ordinary  motions  of  the 
infpiratory  mufcles  is  fo  gentle,  that  we  can 
at  pleafure  prevent  their  taking  place  $  but  in 
fevere  afthmatic  fits,  where  the  uneafy  fen-  ' 
fation  is  vaftly  increafed,  the  will  begins  to 
lofe  its  power  of  reftraining  them;  nay,  even 
fome  of  the  voluntary  mufcles,  at  this  time, 
are  forced  into  aCtion  for  their  affiftance.  and 
if,  in  fuch  cafes,  the  will  can  at  all  flop  the 
motions  of  the  infpiratory  mufcles,  it  is  not 
fo  much  by  its  immediate  power  over  them3 
as  by  means  of  the  ftronger  mufcles  employ¬ 
ed  in  voluntary  refpiratiom 
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It  muft  indeed  be  acknowledged,  that  al* 
though  the  contraction  of  the  orbicular  mu- 
fcles  of  the  uvea  be  not  owing  to  any  Jiimu* - 
his  immediately  applied  to  them,  but  to  one 
aCting  upon  a  diftant  part,  yet  it  is  altogether 
independent  on  the  will;  and  in  this  differs 
from  refpiration,  and  from  the  motion  of  the 
mufcles  employed  in  coughing,  and  in  void¬ 
ing  the  urine  and  faces.  Perhaps  the  reafon 
of  this  difference  may  be,  that  the  aCtion  of 
light  upon  the  very  fenfible  retina  affeCts  the 
mind  fo  ftrongly,  that  we.  cannot,  by  any  power 
of  the  will,  prevent  the  contraction  of  the 
pupil :  further,  it  is  not  impoffible  that  the 
will,  merely  through  difufe,  may  have  loft 
its  power  of  reftraining  the  motions  of  the 
mufcular  fibres  of  the  uveay  even  when  the 
famulus  is  ever  fo  gentle 

But  whatever  may  be  the  efficient  caufe, 
which  thus  fubjeCts  refpiration  to  the  governs 
ment  of  the  will ;  the  final  caufe  of  this  dif¬ 
ference  between  it  and  the  other  vital  motions 
is  pretty  evident  t  for  were  it  not  that  the  mo¬ 
tions  of  the  mufcles  employed  in  refpiration 
may  be  varied  at  pleafure,  we  fhould  not  on- 

ly 
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ly  he  unable  to  evacuate  the  urine  and  faces, 
but  muft  have  been  deprived  of  the  happinefs 
and  advantage  of  communicating  our  thoughts 
to  one  another  in  the  way  of  fpeech. 

$  If  it  (hall  be  objected  againft  the  mind 
or  fentient  principle’s  being  the  caufe  of  refpi- 
ration,  that  it  obtains  at  all  times,  and  is  kept 
up  when  we  are  afleep,  and  not  confcious  of  it  $ 
it  maybe  a  fufficient  anfwer,  to  obferve,  that  a 
variety  of  adtions  are  performed  by  the  influ¬ 
ence  of  the  mind,  without  our  adverting  to 
them  in  the  leaft.  To  give  but  one  inftance  : 
The  eye-lids  never  ceafe,  after  fhort  intervals, 
to  move,  whether  we  be  fenfible  of  this  or 
not,  nay  frequently,  as  when  anything  threat¬ 
ens  the  eye  or  touches  the  cornea ,  they  move 
whether  we  will  or  no;  and  yet  thefe  their 
motions  are  undoubtedly  owing  to  the  mind. 
Why,  therefore,  may  not  refpiration  be  carried 
on  much  in  the  fame  manner,  without  our  at¬ 
tending  to  it ;  efpecially  fince  we  have  (hewn 
that  there  is  a  material  caufe  in  the  lungs,  iiir 
fluencing  the  mind  to  continue  this  adtion  ? 

In  time  of  deep,  don’t  we  often  fwallow 
the  fpittle,  talk,  move  our  lijnbs,  and  entire¬ 
ly  change  the  pofture  of  qur  bodies  ?  Nay, 

fome 
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fome  perfons  get  out  of  their  beds,  and  tra-r 
yerfe  about  from  one  room  to  another.  Here, 
then,  are  adions  certainly  performed  in  fleep, 
which,  neverthelefs,  muft  neceflarily  be  afcri- 
bed  to  the  adion  of  the  mind.— Further,  in 
cafes  where  breathing  is  difficult,  when  the 
patients  are  no  way  confcious  of  it,  nay  even 
in  time  of  fleep,  refpiration  feems  to  be  per¬ 
formed,  partly  by  the  afliftanee  of  other  mu- 
fcles  befides  the  proper  infpiratory  ones,  /.  e.  by 
mufcles  which  commonly  are  not  employed 
except  in  voluntary  motion,  and  whole  addon, 
therefore,  in  fueh  extraordinary  cafes,  muft 
be  attributed  to  the  mind  alone,  On  what 
pretence  of  reafon  then  can  it  be  urged,  that 
the  motions  of  the  diaphragm  and  intercoftal 
mufcles,  fince  they  continue  to  be  performed 
while  we  are  afleep,  are  in  no  way  owing  to 
the  mind  ?- — Let  a  child,  when  afleep  and 
breathing  foftly,  have  a  thick  cloth  laid  over 
its  face  ;  immediately  it  will  begin  to  breathe 
deeper  and  quicker,  and  will  go  on  to  refpire 
in  this  manner,  till,  the  cloth  being  removed, 
the  cool  air  is  admitted  into  the  lungs.  This 
undoubtedly  muft  ante  from  the  unealinefs 

which 


I 


I 

other  Involuntary  Motions.  205 

which  the  mind  feels  from  the  difficult  paf- 
fage  of  the  blood  through  the  lungs,  and  the 
want  of  proper  air;  in  order  to  get  rid  of  which 
inconveniencies,  it  moves  the  thorax  with  un¬ 
common  force  and  frequency,  whence  a  great¬ 
er  quantity  of  air  is  infpired,  and  the  lungs  are 
more  widely  dilated. — In  an  ajihma ,  does  not 
the  fenfe  of  fuffocation  excite  the  mind  to  re-* 
double  the  motions  of  the  infpiratory  mufcles, 
and  are  wre  not  fenfible  of  this  when  awake  ? 
In  deep,  when  we  are  lefs  confcious  of  this 
uneafmefs,  does  not  the  mind  perfevere  in  ex¬ 
erting  its  influence  in  the  fame  manner  up¬ 
on  thefe  mufcles?  A  ftrong  argument  this, 
that  the  mind,  as  a  fentient  principle,  is  often 
affected  by  what  paflfes  in  the  body,  and  is,  in 
confequence  of  this,  excited  into  aftion,  when, 
in  the  mean  time,  we  don’t  advert  to  any  fuch 
thing. 
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SECT.  IX. 

Of  the  beginning  of  refpiration  in  animals . 

AS  it  would  be  altogether  unnecefiary  to 
prove,  that  the  foetus  cannot  poffibly 
perform  the  ailions  of  refpiration,  when  it 
is  in  the  womb,  and  inclofed  in  its  membranes  3 
fo  I  fhall  take  it  for  granted  that  animals  don’t 
begin  to  breathe,  till  the  external  air  has  ac- 
cefs  to  them,  at  the  time  of  birth  ;  though  I 
find,  not  indeed  without  furprize,  fome  of 
the  moderns  going  into  the  contrary  opi¬ 
nion 

It  may  perhaps  have  the  appearance  of  pre- 
fumption,  if  I  undertake  the  folution  of  a 
problem,  which  fome  of  the  greateft  Phyiio- 
logifts  have  attempted  in  vain :  however,  I 
can’t  help  thinking  it  full  as  eafy  to  account 
for  the  firft  commencement  of  refpiration,  as 
for  its  continuance  when  once  begun ;  and 
that  both  are  owing  to  the  fame  caufe,  namen 
ly,  to  an  uneafy  fenfation  in  the  lungs. 

OtlR 
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Our  bodies,  framed,  as  they  are,  with  the 
moft  exquifite  null,  would  foon  perifh  if  de¬ 
prived  of  the  benefits  of  food  and  air.  The 
former  of  thefe,  muft  be  fupplied  at  fhort 
intervals,  but  the  latter  can  hardly  be  want¬ 
ed  for  a  moment.  The  foetus ,  while  in  the 
womb,  ftands  not  in  need  either  of  the  one 
or  the  other  ;  the  mother’s  juices,  tranfmitted 
to  it  through  the  vefiels  of  the  placenta ,  flip- 
plying  the  want  of  aliment ;  and  the  pecu¬ 
liar  circumftances  of  its  heart  making  the  al¬ 
ternate  motion  of  refpiration,  which  is  requi- 
fite  for  carrying  on  the  circulation  of  the 
blood  in  animals  after  birth,  unneceflary  here; 
while  the  mother’s  fluids,  having  fuftained  the 
action  of  the  air  in  her  lungs,  are  duely  fit¬ 
ted  for  all  the  purpofes  of  the  foetus ,  with¬ 
out  any  refpiration  of  its  own.  The  neceffi- 
ty,  therefore,  of  air  and  aliment  commences 
with  our  birth ;  and  as  we  are  excited  to  take 
in  meat  and  drink  by  the  uneafy  fenfations  of 
hunger  and  thlrfl,  which,  as  faithful  moni¬ 
tors,  never  fail  to  warn  us  when  thefe  are 
wanted,  but  immediately  ceafe  upon  the  ap¬ 
petite’s  being  fatisfied ;  fo,  to  prevent  our 
being  in  danger  of  perififing  through  the  want 

of 
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of  frefh  air,  there  arifes,  unlefs  the  action  of 
breathing  be  continually  repeated,  and  new  fup- 
plies  of  frefh  air  thus  brought  into  the  lungs, 
an  uneafy  fenfation,  which  may  not  impro¬ 
perly  be  termed  the  appetite  of  breathings 
If  then  an  appetite  for  frefh  air  be  as  natural 
to  animals  after  birth,  as  a  defire  of  aliment ; 
and  if  no  one  ever  yet  thought  of  accounting 
either  for  the  fenfations  of  hunger  and  third:, 
or  for  the  taking  of  food  confequent  upon 
them,  merely  from  the  mechanical  conftru- 
dtion  of  the  flomach,  gullet  and  fauces ,  with-^ 
Out  having  recourfe  to  a  fentient  principle  %  is 
it  not  highly  uftreafonable  and  unphilofophi^ 
cal  to  attempt  to  explain  the  adtion  of  refpi- 
ration  from  principles  purely  mechanical,  and 
to  deny  the  perception  and  operation  of  a  fen¬ 
tient  adtive  principle  to  be  the  caufe  which  at 
fir  ft  begins,  and  ever  after  continues  it?  This 
analogy  is  too  ftrong  not  to  ftrike  every  un¬ 
prejudiced  mind ! 

But  it  may  be  here  afked,  in  the  way  of 
objedtion,  why,  if  the  foetus ,  during  its  con«^ 
finement  in  the  womb,  has  an  inclination  id 
breathe,  is  not  the  liquor  amnii ,  like  the  air 
after  birth,  received  into  its  lungs,  and  expeU 

led 
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led  alternately  *:  The  anfwer  to  which  is^ 

I.  That  had  the  foetus  in  utero  ever  fo 
ftrong  a  defire  to  perform  the  aCtion  of  refpi-* 
ration,  it  could  not  admit  the  liquor  amnii  in¬ 
to  its  lungs;  partly  on  account  of  water  be-* 
ing  a  fluid  altogether  improper  for  the  purpo- 
fes  of  refpiration,  but  more  efpecially  becaufe, 

whenever  it  fo  much  as  touches  the  top  of 
the  larynx ,  the  glottis  is  fo  conftriCted,  by 

the  convulfive  contraction  of  its  mufcles,  that 
fcarcely  can  even  one  drop  pafs  into  the  lungs. 
This  appears  evidently  from  the  obfervation, 
that  thofe  animals,  which  have  been  immerfed 
and  kept  under  water,  don’t  admit  any  of 
this  fluid  at  all  into  their  lungs,  much  lefs  fuch 
a  portion  of  it  as  might  properly  be  efteemed 
the  caufe  of  their  deaths  f.  If,  therefore, 
a  fmall  quantity  of  water  has  at  any  time 
been  found  in  the  lungs  of  drowned  ani- 

D  d  mals, 

*  Dr.  Martinehzs  propofed  it  as  a  problem,  why  the 
foetus  in  time  of  geftation  never  dilates  its  thorax ,  nor 
at  any  time  before  birth  performs,  however  {lowly,  the 
motions  of  infpiration  and  expiration  fucceffively.  Me¬ 
dical  Effays,  vol.  1.  art.xii. 

f  Hiftoire  academic  des  fciences  17193  edit.  8vo,  p.  3^ 
k  1725,  p.16. 
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mals,  we  are  not  to  fuppofe  it  made  its  way 
thither  while  they  were  alive,  but  only  after 
their  death,  when,  the  mufcles  of  the  glottis 
lofing  their  power  of  contraction  and  beco¬ 
ming  flaccid,  its  fides  recede  from  each  o~ 
ther. 

The  different  cravings  or  appetites  have  fe- 
verally  their  correfponding  objedts :  frefh  air, 
on  account  of  its  cooling  quality  and  perhaps 
vital  principle,  and  becaufe  it  equably  and 
gently  dilates  the  lungs,  and  thus  promotes 
the  circulation  of  the  blood  through  their  vef- 
fels,  is  as  well  adapted  to  fatisfy  the  appetite  of 
breathing,  as  thin  cooling  drink  to  quench 
thirft ;  whereas  water  would  be  altogether  as 
improper  for  the  purpofes  of  refpiration,  as 
dry  bread  for  diluting  our  fluids,  or  fatisfying 
the  cravings  of  a  thirfty  animal.  Hence  as 
food  has  the  higheft  relifh  to  a  hungry  per- 
fon,  fo,  to  one  half  fuffocated  for  want  of  air, 
nothing  is  more  refrefhing  or  more  greedily 
taken  in  than  this  fluid. 

Since,  therefore,  it  appears  from  what  has 
been  faid,  that  water  is  wholly  unfit  for  an- 
fwering  the  appetite  of  breathing,  and  that 
animals  which  have  been  long  accuftomed  to 

refpiration  > 


other  Involuntary  Motions.  21  r 

1 

refpiration,  never  fo  much  as  attempt,  when, 
under  water,  to  draw  it  into  their  lungs ;  it 
follows,  that  the  foetus  in  utero ,  even  fuppo- 
fing  (what  feems  not  however  to  be  the  cafe) 
it  had  the  fame  appetite  of  breathing  with  a- 
nimals  after  birth,  could  not  receive  the  li¬ 
quor  of  the  amnios  into  its  lungs,  and  expel 
it  thence  alternately.  Thus  we  fee  how  eafy 
a  folution  Dr.  Martinet  problem  admits  of ; 
and  that,  for  this  purpofe,  it  is  quite  unnecef- 
fary  to  have  recourfe  to  any  imaginary  com- 
preffion  of  the  phrenic  nerves.  But, 

2.  It  feems  probable  that  either  the  appe¬ 
tite  of  breathing  does  not  take  place  in  fcetufes 
till  birth,  or  that  then  it  becomes  much 
ftronger ;  for, 

a  The  uneafy  fituation  of  the  foetus^  when 
the  birth  is  juft  at  hand,  and  its  various  mo¬ 
tions  and  ftruggles  in  confequence  of  this  un- 
eafmefs,  muft  remarkably  quicken  the  circu¬ 
lation  of  the  blood  through  itsveflels;  whence 
the  lungs  will  not  only  receive  a  larger  fhare 
of  fluids  in  a  given  time  than  formerly,  but 
the  blood  pafling  in  greater  quantity  than  u- 
fual  from  the  left  ventricle  of  the  heart  into 

the 
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tlie  aorta ,  and  making  therefore  a  ftronger 
refiftance  to  the  paflage  of  this  fluid  through 
the  duBus  arteriofus ,  it  mu  ft  now  be  more 
copiouily  determined  into  the  pulmonary 
artery,  from  whofe  beginning  this  du6t  arifes. 
But  if  the  blood  be  thus  pulhed  in  greater 
ftreams  into  the  veflTels  of  the  lungs  at,  and 
even  fomewhat  earlier  than  the  time  of  birth, 
mu  ft  there  not  hence  enfue  a  greater  degree 
of  heat,  and  fulnefs,  a  more  active  ftimulus 
and  imeafinefs  in  thefe  veflels  $  or,  in  other 
words,  mu  ft  not  the  appetite  of  breathing  be 
hence  neceffarily increafed ?  Afterbirth,  when 
the  foetus  remains  for  fome  time  inclofed  in  its 
fecundines  before  it  is  allowed  to  breathe,  this 
increafed  motion  of  its  blood  may  well  be  fup- 
pofed  to  be  much  abated  5  however  the  cold, 
which  it  is  now  much  more  expofed  to  than 
formerly,  by  conftringing  the  placentary  and 
cutaneous  veffels,  muft  accelerate  the  return 
qf  their  blood  to  the  right  ventricle  of  the 
heart,  and,  by  this  means,  increafe  the  force 
of  the  circulation  in  the  interior  parts  of  the 
body. 

/3  It  is  not  improbable,  that  the  air,  befides 
hs  adiing  as  a  cool  elaftic  fluid  upon  the  blood 

contained 


other  Involuntary  Motions. 


213 


contained  in  the  lungs,  may  alfo  communi¬ 
cate  to  it  fomething  more  immediately  necef- 
fary  for  preferving  the  flame  of  life. — So  long 
as  the  fcetus  remains  in  the  womb,  its  fluids 
are  fupplied  with  this  vivifying  quality  of  the 
air,  by  their  having  fuftained  the  action  of 
its  mother’s  lungs ;  but  at  the  time  of  birth, 
when  the  communication  lately  kept  up,  by 
means  of  the  umbilical  veflfels,  between  the 
mother  and  child,  is  at  an  end,  may  not  the 
defect  of  this  pabulum  vitce  (if  I  may  be  al¬ 
lowed  the  expreflion)  which  the  air  is  fup- 
pofed  to  convey,  and  which  was  wont  to  be 
tranfmitted  to  the  fcetus  along  with  the  mo¬ 
ther’s  iuices,  produce  fome  fort  of  uneafi- 
nefs,  not  hitherto  perceived,  which  fhall  be¬ 
get,  or  at  leafl:  enhance,  the  defire  of  refpi- 
ration  ?  What  is  here  offered  by  way  of  con¬ 
jecture,  is  rendered  highly  probable  by  the 
following  obfervation ;  namely,  that  when 
the  uterus  of  a  living  bitch  is  laid  open,  the 
puppies  inclofed  in  their  membranes  remain 
quiet  for  fome  time ;  but,  about  the  time  of 
the  mother’s  death,  begin  to  ftir  about  and 
ftruggle,  as  if  affected  by  fome  very  uneafy 
fenfation  5  and  that  if  their  membranes  be 

laid 
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laid  open  at  this  time,  or  a  little  after,  fo 
that  the  air  fhall  be  admitted  to  them,  they 
immediately  begin  to  breathe,  and  feem  to  be 
relieved  from  what  before  oppreffed  them ; 
but  if  this  is  not  done,  they  quickly  begin 
to  languifh  and  at  laft  die  %  Does  not  this 
argue  that  a  neceffity  of  refpiration,  and  a  de¬ 
fire,  ftronger  at  leaft  than  before,  of  dila¬ 
ting  the  thorax  for  the  admiffion  of  air,  com¬ 
mences  on  the  part  of  the  foetus ,  immediate¬ 
ly  after  its  intercourfe  with  the  mother  is  cut 
off  by  the  birth  ? 

y  As  the  water  furrounding  the  foetus 
would  certainly  hinder  its  making  any  ef¬ 
forts  to  infpire,  though  it  were  fuppofed  e- 
ver  fo  defirous  of  doing  it,  fo  the  air,  the 
proper  medium  for  refpiration,  being  applied 
after  birth  to  the  face,  mouth  and  noftrils 
of  the  animal,  may  put  it  upon  effaying  a 
new  funftion,  which,  by  reafon  of  the  pecu¬ 
liar  fenfation  in  its  lungs,  it  cannot  but  be 

extremely 

-%  Fcetum  cum  fuis  involucris  eximo,  &exteriori 
^  efFra&o  involucro  per  interius  valde  pellucidum  oftendo 

qui  fetus  refpirare  conetur,  quamque  pulchre  interiori 
46  quoque  fra&o  aerem  ducat.”  Vefalii  anatom,  lib.  n, 
c.  i  q. 
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extremely  anxious  to  exert.  We  may  ob~ 
ferve  that  a  new-born  child  rarely  performs 
the  motion  of  fudtion  except  fomething  be 
applied  to  its  mouth  ;  and,  perhaps,  in  the 
fame  manner  the  appetite  of  breathing  itfelf 
may  be  increafed  in  a  foetus  by  the  prefence 
of  a  fluid  fitly  anfwering  its  demands. — The 
chick,  after  it  is  become  large  and  ftrong, 
is  obferved  to  gape  when  the  fhell  is  opened  ; 
and  does  not  this  indicate  a  defire  of  breath¬ 
ing  ?  this  opening  of  the  mouth  cannot  be 
in  order  to  take  in  the  liquor  of  the  amnios , 
fince  the  chick  is  nourifhed,  not  by  the 
mouth,  but  by  the  umbilical  veffels  alone 
Upon  the  whole,  although  it  is  not  im¬ 
probable  that  the  foetus ,  during  its  ftay  in  the 
womb,  may,  from  the  difficult  pafiage  of 
the  blood  through  its  comprefied  lungs,  have 
a  defire  to  breathe,  provided  it  could  enjoy 
the  benefit  of  air,  yet  it  fcarcely  can  be  doubt¬ 
ed  that  this  appetite  of  breathing  mu  ft  be 
confiderably  increafed  at  birth.  Nor  is 
breathing  the  only  aftion  of  a  child  newly 
born,  which  before  it  was  a  ftranger  to; 
fucking  being  equally  new  to  it  as  breath¬ 
ing* 


%  Medical  E flays,  vol,  2,  art.  io. 
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ing  *.  The  former  has  been  generally  re^ 
ferred  to  inftinft,  and  fo  perhaps  may  the 
latter :  but  as  I  would  decline*  as  much  as 
poffible,  the  ufe  of  words,  whofe  meaning 
may  be  obfcure  or  indeterminate  5  fo  I  chufe 
rather  to  fay,  that  fucking  and  breathing 
are  owing  to  particular  fenfations  in  the 
body,  determining  the  mind  or  fentient  prin¬ 
ciple  to  put  certain  mufcles  or  organs  in 
motion. 

Having  thus  accounted  for  the  begin¬ 
ning  of  refpiration  in  animals,  we  fhall,  in  a 
few  words,  fhew  the  weaknefs  of  what  has 
been  advanced  on  this  head  by  fome  of  the 
moft  confiderable  writers  in  Phyfiology. 

Our  celebrated  countryman  Dr.  Pitcairn 
derives  the  firft  infpiration  in  new-born  ani¬ 
mals,  from  the  air  milling,  by  the  glottis , 
into  the  cavity  of  the  thorax  at  birth,  as  it 
were  into  a  vacuum,,  and  thus  enabling  the  in- 

tercoftal  mufcles  to  raife  the  ribs  But  as 

the 

* 

*  That  the  foetus  in  utero  does  not  fwallow  the  liquor 
amnii ,  has  been  fo  clearly  demonftrated  by  my  worthy 
friend  and  collegue  Mr.  Monro ,  that  I  think  it  one  of  th£ 
few  points  in  Phyfiology  which  ought  for  the  future  to 
pafs  undifputed.  See  Medical  ElTays,  vol.  2.  art.  9 

f  DilTert.  de  cauf,  qua  fanguis  fluit  per  pulmon.  fe£L 
H.  P-53- 


other  Involuntary  Motions.  ziy 

the  lungs,  before  birth,  fill  the  cavity  of  the 
thorax ,  there  can  be  no  vacuum  into  which 
the  air  may  rufh :  for,  if  there  were,  the 
liquor  amnii  muft  have  been  forced  into  it, 
while  the  fcetus  was  in  the  womb ;  and  in 
dead-born  fcetufes ^  the  air  ought  to  rufh  into 
the  lungs  and  expand  them  $  both  which 
circumftances  are  contradicted  by  experience. 
The  DoCtor  adds,  Irrumpit ,  inquam ,  aer  vi  ela~ 
tens  et  gravitatis ,  non  autem  dilatati  prius  pe~ 
Boris ,  compulfus  whence  it  is  evident  he  was 
quite  unacquainted  with  the  true  manner  in 
which  infpiration  is  performed :  for  it  is  owing, 
as  has  been  fhewn  above,  to  the  enlargement 
of  the  cavity  of  the  breaft,  made  by  the  con¬ 
traction  of  the  intercoftal  mufcles  and  dia¬ 
phragm.  Befides,  fince  the  thorax  is  in  a  ftate 
of  full  expiration  in  all  dead  animals,  it  evi¬ 
dently  appears  that  the  air  cannot,  by  its  gra¬ 
vity,  &c.  dilate  the  lungs ;  but  thsLt,  in  order 
to  the  firft  infpiration,  the  diaphragm  and  in¬ 
tercoftal  mufcles,  by  their  contraction,  muft 
enlarge  the  cavity  of  the  cheft. 

The  great  Boerhaave ,  after  Thrujlon  and 

E  e  Borelli \ 

*  DifTert.  de  cauf.  qua  fang,  fluit  per  pulrnon.  Seft.  15* 
*»•  54* 
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Borelli ,  afcribes  the  beginning  of  refpiratioii 
to  the  foetus  moving  all  its  mufcles  violently 
in  the  time  of  birth,  and,  among  the  reft,  the 
intercoftals  and  diaphragm  But  this  ac¬ 
count  is  by  no  means  fatisfadtory fince  Vefa- 
Hus  and  Mr.  Boyle  have  obferved,  that  puppies 
cut  out  of  their  mother’s  womb  begin  to 
gape  and  breathe  as  foon  as  they  are  expo- 
fed  to  the  open  air  -fv  And  when  infants* 
which  feemed  to  be  dead-born,,  have  begun 
foon  after  to  breathe,  we  are  not,  with  Senacy 
to  afcribe  this  to  the  action  of  any  fecret  reJJbrt , 
or  undifcovered  piece  of  mechanifm,  bringing 
the  mufcles  of  infpiration  at  this  time  into 
play  p  but  to  the  energy  of  the  fentient  prin- 
•ciple,  which,  as  foon  as  its  little  heart  begins 
to  vibrate,  is  roufed,  by  a  difagreeable  feeling; 

-is’  ■* 

in  the  lungs,  to  dilate  the  thorax  and  take  in 
air.  The  caufe,  therefore,  of  the  firft  refpi- 
ration  in  this  cafe,  is  evidently  the  fame  as  of 
its  recommencement  after  a  fynccpe ,  namely, 
the  blood  pufhed  by  the  heart,  upon  its  reco¬ 
vering 

*  Inflitut.  Med.  §  691. 

f  Vefal.  Anatom,  lib.  vii.  cap.  19.  &  Boyle  s  exp.  phyfic. 
median,  p.  41. 

J  Traite  du  coeur,  lib,  3.  chap.  8.  Seft.  vi. 
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vering  motion,  into  the  pulmonary  veflels,  and 
there  acting  as  a  Jlimulus. 

The  induftrious  Haller  chufes  to  deduce 
the  beginning  of  refpiration,  from  the  endea¬ 
vours  of  the  foetus  to  cry,  upon  account  of  its 
uneafy  fituation  and  the  pain  it  fuffers  in  the 
time  of  birth  But,  ii  the  commencement 
of  breathing  were  owing  to  no  other  caufe 
than  this,  why  fhould  not  this  addon  ceafe 
foon  after  the  child  is  delivered,  when  it  is 
free  from  pain  and  gives  over  crying  ?  Or  why 
fhould  it  begin  in  Vefalius  and  Boyle’s  experi¬ 
ments  now  mentioned,  where  the  ufual  cau- 
fes  exciting  the  animal  to  cry  were  wanting  ? 
And  why  fhould  the  foetus  fhew  fuch  marks 
of  anxiety  when  inclofed  in  its  membranes, 
and  be  quickly  at  eafe,  upon  its  having  accefs 
to  the  air  and  being  allowed  to  breathe  ?  * 

But  what  is  crying  in  infants  ?  Why,  no 
more  than  an  irregular  kind  of  breathing, 
which  aflfecds  the  expiration  chiefly,  and  is  ow¬ 
ing  to  fome  painful  fenfation ;  for,  hence,  the 
air  being  forcibly  expelled  through  the  glottis , 
which  is  conftrided  now  more  than  ufually, 

produces 

*  Not.  a  in  Boerhaave  Inftitut.  Med.  §  691.  &  prim* 
Jin.  Phyfiolog. 
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produces  the  noife  called  crying.  To  tell  us 
therefore,  that  the  beginning  of  refpiration  in 
animals  is  owing  to  their  attempting  to  cry,  is, 

*  in  other  words,  to  fay,  that  it  depends  upon  a 
painful  fenfation,  which,  in  animals  accu- 
ftomed  to  breathe,  prevents  the  mufcles  of 
refpiration  from  being  moved  in  a  regular  and 
natural  way.  But,  as  the  addon  of  thefe  mu¬ 
fcles  is  performed  in  a  more  regular  and  equa¬ 
ble  manner  as  foon  as  the  caufe  of  crying 
ceafes,  it  feems  more  reafonable  to  believe 
that  the  firft  infpiration  is  owing  to  the  fame 
caufe  as  the  fecond,  third,  and  every  fucceed« 
ing  one,  namely,  to  a  particular  fenfation  in 
the  lungs  affeddng  all  new-born  animals : 
while  the  pain,  which  occaiions  crying,  is 
merely  accidental,  and  feems  not  to  give  rife 
to  refpiration,  when  it  does  happen ;  though, 
after  it  is  once  begun,  it  is  the  caufe  of  its  be¬ 
ing  performed  after  an  irregular  and  interru-* 
pted  manner. 

Animals,  when  drowned,  or  fuffocated 
with  bad  air,  are  many  times  brought  to  life 
again  by  fridion,  agitation,  or  by  blowing  air 
into  their  guts  or  lungs;  all  which  expedients, 
as  they  communicate  motion  to  the  blood  fta- 

gnating 
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gnatingin  the  great  veins  adjoining  to  the  heart, 
tend  to  renew  the  contractions  of  this  organ 
and  confequently  the  circulation  of  the  blood 
through  the  veflels  of  the  lungs,  to  which  a- 
lone  the  recommencement  of  breathing  is  ow¬ 
ing,  and  not  to  any  attempt  to  cry  or  howl, 
which,  in  thefe  cafes,  is  feldorn  obferved. 

Further,  in  batts,  hedge-hogs  and  other 
animals  which  ly  in  a  death-like  ftate  during 
the  winter’s  cold,  and  without  any  alternate 
motion  of  their  thorax ,  can  the  recommence¬ 
ment  of  breathing,  in  the  fpring  feafon,  be 
afcribed  to  any  painful  fenfation  exciting  them 
to  cry  ?  No,  furely.  But  the  returning  heat 
of  the  fun  agitating  their  fluids,  and  commu¬ 
nicating  a  new  motion  to  their  heart,  the 
blood  is  pufhed,  as  is  ufual  in  living  animals, 
into  the  pulmonary  veffels,  where,  chiefly  on 
account  of  its  difficult  paflage,  it  excites  a  pe¬ 
culiar  fenfation,  which  roufes  the  foul  or  fen- 
tient  principle,  as  it  were,  from  its  ftate  of 
indolence  and  inactivity,  to  contract  the  in- 
fpiratory  mufcles,  and  thus  perform  the  aCtion 
of  refpiration. 

Upon  the  whole,  I  think  it  evident  that  the 

beginning  of  refpiration  in  new-born  animals, 

« ■ 

or 
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or  the  recommencement  of  it  in  thofe  in 
which  it  has  been  for  a  long  time  inter¬ 
rupted,  cannot  with  any  fort  of  juftice  or  pro¬ 
priety  be  deduced  from  an  inclination  to  cry ; 
but  is  owing  to  a  peculiar  fenfation  in  the 
lungs,  which  as  it  at  firft  gave  rife  to  this  a- 
£tion,  fo  it  is  the  caufe  of  its  being  ever  after 
continued.  And  if  we  are  fo  formed,  that  we 
feel  a  craving  appetite,  as  often  as  our  bodies 
require  a  new  fupply  of  food,  and  a  differ¬ 
ent  fenfation  when  our  fluids  need  to  be 
diluted  with  drink,  can  it  be  thought  ftrange 
that  an  appetite  fhould  be  given  us  for  air, 
the  want  of  which  becomes  much  fooner 
fatal  ? 


A  Solution  of  Harvey's  Problem . 


(5)  U1  fit ,  ut  foetus  in  lucem  editns ,  ac  membranis 
gSW5  integris  opertus ,  et  etiamnum  in  aqua  fua ? 
manens ,  per  aliquot  boras ,  citra  fufocationis 
periadum ,  fuperfes  fit :  idem  ta7nen  fecundis 
exutus ,  fifemel  aerem  intra  puhnones  attraxerit , 
pojlea  ne  momentum  quidem  temporis  abfque  eo  du~ 
rare  pofiit ,  fed  confeftim  moriatur  *  ? 

This 

#  Harvey  de  generat.  animal,  cap.  departu,  p.501. 
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This  problem,  which  was  firft  propofed 
by  the  great  Dr.  Harvey ,  appears  to  be  of  fo  ve¬ 
ry  eafy  folution,  that  it  is  not  a  little  furprifing, 
that  many  Phyfiological  writers  fhould  have 
attempted  it  in  vain. 

The  foetus  lives  in  the  womb  without  re- 
fpiration,  becaufe  the  greateft  part  of  the 
blood,  by  means  of  the  foramen  ovale  and 
duBus  arteriofus ,  is  conveyed  from  the  right 
finus  venofus  and  ventricle  of  the  heart,  into 
the  left  ventricle  and  aorta^  without  paffing 
through  the  lungs 3  and  becaufe  its  fluids,  be-* 
ing  derived  from  the  mother's  blood  which 
has  fuftained  the  aftion  of  the  air  in  her 
lungs,  mu  ft  be  equally  fit  for  its  nourifhment 

and  fupport,  as  for  her’s. - When  the  foetus , 

after  being  feparated  from  its  mother,  re¬ 
mains  involved  in  its  fecundines,  it  lives  for 
a  confiderable  time  without  breathing  3  be¬ 
caufe  the  circulation  of  the  blood  continues 
to  be  carried  on  in  the  fame  manner  as  when 
it  was  in  the  womb,  only  a  fmall  proportion 
of  it  paffing  though  the  lungs :  fo  that  there 
is  nothing  to  hinder  the  animal  from  living, 
till  it  is  extinguilhed  by  cold,,  or  perhaps 

through 
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through  the  want  of  fomething  necefiary  to 
life^  which  the  air  may  fupply. 

After  birth,  when  the  fcetus  has  once 
been  accuftomed  to  breathe,  it  quickly  dies, 
if  refpiration  is  difcontinued  5  beeaufe  the 
blood,  which  formerly  went  by  the  foramen 
ovale  and  ductus  arteriofus ,  paflfes  now  through, 
the  veffels  of  the  inflated  lungs :  and  al¬ 
though  we  cannot  fuppofe  thefe  paffages  to 
be  inftantly  fhut  after  breathing  begins,  yet 
as  the  veficles  of  the  lungs,  after  having  been 
once  inflated,  never  collapfe  fo  far  as  to  oc¬ 
cupy  as  little  fpace  as  before,  their  veflels  muft 
go  on  to  receive  a  greater  quantity  of  blood 
than  before  birth,  and  confequently  to  trans¬ 
mit  this  fluid  in  greater  abundance  to  the  left 
finus  venofus ;  by  which  means  the  paflage  of 
the  blood  into  this  finus ,  by  th e  foramen  ovale , 
will,  in  a  great  meafure,  be  prevented  ;  at  the 
fame  time,  by  the  inflation  of  the  lungs,  the 
pulmonary  artery  will  be  raifed,  and  perhaps 
the  Situation  of  the  duel  us  arteriofus  fo  chan¬ 
ged,  as  to  render  the  paffage  of  the  blood 
through  it  lefs  favourable.  Further,  afterbirth, 
when  the  umbilical  arteries  are  tied,  the  blood 
pafiing  through  the  duStus  arteriofus  into  the 

aorta 
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aorta  will  find  greater  refinance  than  for¬ 
merly  ;  fince  the  fluids  pufhed  into  this  ar¬ 
tery  by  the  two  ventricles  of  the  heart,  will 
find  a  lefs  ready  paflage,  as  a  confiderable 
part  of  the  veflels  through  which  they  ufed 
to  flow  are  thus  obftrudhed. 

Hence  if  refpiration  be  once  begun^ 
though  performed  but  for  a  very  fhort  time, 
the  blood,  notwithftanding  its  being  after¬ 
wards  reftrained,  will  continue  to  take  the 
route  of  the  lungs  chiefly,  through  whofe 
veflels,  however,  it  cannot  pafs  near  fo  faft  as 
it  is  thrown  into  them  from  the  right  ven¬ 
tricle  of  the  heart ;  whence  it  follows,  that 
an  animal,  having  been  once  accuftomed  to 
breathe,  and  after  this  happening  to  be  de* 
prived  of  air,  muft  be  quickly  fuffocated  by 
an  accumulation  of  blood  in  the  pulmonary 
veflels 

‘  .  F  f  Some 

*  As  there  are  fome  who  doubt  of  the  alternate  mo¬ 
tion  of  of  the  lungs  in  refpiration,  being  neceflary  to 
carry  on  the  circulation  of  the  blood  through  their  vefiels, 
I  {hall  here  mention  a  few  experiments,  which  feem  to 
put  this  matter  out  of  doubt. 

1.  When  the  lungs  are  collapfed,  l.  e .  in  a  Rate  of  ex¬ 
piration,  as  is  the  cafe  in  all  dead  animals,  any  fluid  in¬ 
jected 
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Some  may  perhaps  think  the  fudden  death 

of  animals  deprived  of  the  benefit  of  refpi- 

ration,  is  owing  rather  to  the  want  of  fome«* 

thing 

jedled  into  the  pulmonary  artery,  pafles  with  difficulty  to 
the  left  ventricle  of  the  heart* 

2.  When  the  lungs  are  inflated  with  air,  an  injected 
liquor  flows  through  their  vefiels  mote  eafily  and  in  great- 
er  quantity. 

3.  When  the  1  lings  ar^  agitated  with  an  alternate  mo¬ 
tion,  fomething  like  natural  refpiration^  water  or  any  ei¬ 
ther  thin  fluid  pafles  ftill  more  freely  through  them,  and 
penetrates  into  their  moft  fubtile  Veflels 

4.  If  refpiration  be  reftrained  for  any  confiderable  time, 
one’s  face,  becomes  of  a  purple  colour,  and  its  veins  are 
much  diftended  with  blood ;  which  fhews  that  this  fluid, 
on  account  of  its  difficult  paflage  through  the  lungs,  is 
accumulated  in  the  trunks  of  the  cava  and  right  fmus 
venofu-s .  ••  -  ■ 

5;  But  the  neceffity  of  the  alternate  motion  of  refpira¬ 
tion  in  order  to  the  free  tranfmiffion  of  the  blood  through 
the  pulmonary  veflels,  is  ftill  more  evidently  demonftra- 
ted  by  the  following  experiment  of  Dr.  Mufgrcrve  ,*  A 
dog  whofe  trachea  was  cut  juft  below  the  pomum  adamiy 
and  clofe  ftopt  with  a  cork,  after  a  few  violent  druggies, 
died  in  two  minutes  ;  and,  upon  opening  the  thorax ,  the 
pulmonary  artery,  right  ventricle  and  auricle  of  the  heart, 
together  with  the  great  trunks  of  the  cava,  were  diftend- 
ed  with  blood  to  an  exceffive  degree ;  while  the  pul¬ 
monary  veins,  left  auricle  and  ventricle  of  the  heart,  were 
almofl:  quite  empty,  not  containing  more  than  a  fpoonful 
of  blood  f. 

It  may  be  thought  perhaps  that  the  force  of  this  experi¬ 
ment  is  weakened  by  one  of  Dr.  Hook' s,  who  having  cut 
away  the  ribs,  diaphragm  and  pericardium  of  a  dog,  and 

pricked 

*  Vid.  Kaati  perfpirat.  Hippocrat.  difta,  feft.  x6o.  161.  161,  &  170. 

f  Philofophical  Tranfadh  abridged,  vol.3.  p.  6 7. 
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thing  in  the  air  which  fupports  the  vital  flame. 
But  although  it  is  not  improbable  that  the  air, 

befides 

pricked  the  outer  coat  of  the  lungs  with  a  penknife,  pre¬ 
served  him  alive,  by  keeping  his  lungs  fully  diftended  with 
a  continued  blaft  of  air  which  he  made  to  pafs  through  them 
by  means  of  a  pair  of  double  bellows  *.  But  as  the 
blood' flows  much  more  freely  through  the  pulmonary  vef- 
fels  When  the  lungs  are  inflated,  than  when  they  are  col- 
lapfed,  it  is  by  no  means  furprifing,  that  in  this  dog, 
which  had  loft  a  great  deal^of  blood  during  a  former  ex¬ 
periment,  the  inflated  lungs  Should  afford  an  eafy  enough 
paffage  to  the  Small  quantity  of  this  fluid  that  would  be 
thrown  into  their  veflels  by  the  contraction  of  the  right 
ventricle  of  the  heart ;  efpecially  if  we  confider,  that  the 
conftant  ftream  of  air  muff:  neceflarily,  while  it  was  puf¬ 
fing  through  the  lungs,  and  efcaping  by  the  Small  wounds 
made  in  their  external  Surface,  have  communicated  a 
considerable  ofcillatory  motion  to  all  their  vehicles  and  vef- 
fels,  whence  the  motion  of  the  blood  through  them  would 
be  greatly  promoted.  And  that  a  very  Small  agitation  of 
the  lungs  may  be  Sufficient  to  keep  up  the  circulation 
through  their  veflels,  and  preferve  life,  plainly  appears 
from  the  faintings  which  hyfterical  people'  are  Sometimes 
Subject  to.  In  thefe  faintings,  which  I  have  feenlaft  from 
5  to  near  15  minutes,  the  pulfe,  perhaps,  beats  a  very  little 
flower  than  before,  but  with  its  ufual  regularity  ;  while  in 
the  mean  time  there  is  no  motion  of  the  thorax  obfer- 
vableto  the  eye,  notwitffftandingthat,  by  holding  a  lighted 
candle  near  the  mouth,  one  can  eaffly  difeover  that  they 
breathe,  though  it  be  very  weakly  and  flowly*  Further, 
in  Dr.  Hook' s  experiment,  the  paffage  of  the  blood  through 
the  pulmonary  veflels  muff:  have  been  much  freer  than 
it  is  in  Sound  animals,  whole  lungs  are  kept  in  a  ftate 
of  full  inspiration,  becaufe  they  are,  while  in  this  ffate, 
confiderably  preffed  upon  by  the  Tariffed  air  endeavouring 
to  inflate  them  more  and  more  on  the  one  hand,  and  the 
Sides  of  the  thorax  refilling  this  inflation  on  the  other. 

?  philofbph.  Tranfaft.  abridged,  p.  66 
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befides  its  action  on  the  lungs,  as  a  cool  ela~ 
flick  fluid,  may  contribute  in  fome  other  way 
towards  fupporting  life ;  yet  fince  a  foetus  can 
live  a  confiderable  time  without  refpiration, 
when  feparated  from  its  mother  and  involved 
in  its  fecundines,  its  dying  fooner  for  want 
of  air,  after  it  has  once  breathed,  cannot  be 
owing  folely  to  the  defed  of  any  thing  which 
this  fluid  might  comrmmicate  to  the  blood 
in  the  lungs,  but  mu  ft  be  deduced  from  the 
change  made  in  the  pulmonary  veffels  by  re- 
fpiration,  as  has  been  above  explained.  And 
this  reafoning  is  confirmed  from  the  obferva- 
tion,  that  animals,  through  whofe  lungs  a 
fmall  ftiare  only  of  the  blood  circulates,  can 
fuftain  the  want  of  air  much  longer  than  man 
and  the  other  more  perfed  animals,  in  which 
the  whole  mafs  of  blood  paffes  through  the 
pulmonary  veffels :  as  like  wife  that  new¬ 
born  animals,  which  have  breathed  only  for  a 
fhort  time,  don’t  die  fo  foqn  in  the  air  pump 
as  others  do 

Having  thus,  at  large,  ftiewn  the  vital 
and  other  involuntary  motions  of  animals  to 
be  ail  owing  to  a  fiimulus  of  one  kind  or  other, 
ading  either  immediately  upon  the  organ 

moved, 

f  Philofophical  Tranfad  abridged,  voh  2.  p.  217.  &  218, 
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moved,  or  on  fome  neighbouring  part  with 
which  it  feems  to  have  a  peculiar  iympathy ; 
it  remains  that  we  next  inquire,  whence  this 
power  of  a  ftimulus  over  the  mufcles  of  animals 
muft  be  derived  ? 

SECT.  X. 

Of  the  reafon  why  the  mufcles  of  animals  are 
excited  into  contraction  by  the  application  of  a 

ftimulus. 

The  mufcular  fibres  of  animals  are  fo 
framed,  as  to  contract  whenever  a  caufe 
proper  to  excite  their  aftion  is  applied  to 
them,  or,  in  defeat  of  this,  always  to  remain 
at  reft.  This  caufe  is  either  an  effort  of  the 
will  or  a  ftimulus  of  fome  kind  or  other  ft : 
to  the  former  are  owing  the  voluntary  mo¬ 
tions  ;  and  to  the  latter  all  fuch  as  we  call 
vital  and  fpontaneous. 

How  or  in  what  manner  the  will  afts  up¬ 
on  the  voluntary  mufcles,  fo  as  to  bring  them 
into  contraction,  is  a  queftion  wholly  beyond 
the  reach  of  our  faculties ;  and  indeed,  were 
it  otherwife,  the  anfwer  would  be  of  no  great 

importance 

*  Se£t.  1.  N°  7.  above, 
f  Ibid.  N°  8, 
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importance,  it  being  {efficient  that  experience 
convinces  us  the  will  is  really  poffeffed  of  this 
power.  But,  in  this  our  endeavour  to  trace 
the  vital  and  other  involuntary  motions  up  to 
their  firft  fource,  it  feems  to  be  a  matter  of 
no  fmall  moment,  to  inveftigate  the  caufe  or 
caufes  which  enable  Jlimuli  of  various  kinds 
to  excite  the  mufcles  of  living  animals  into 
contraction.  And  fiere, 

i.  Some  have  contented  themfelves  with 
aferibing  the  contractions  of  mufcles  confe- 
quent  upon  pricking,  tearing,  ftretching,  or 
otherwife  ftimulating  thqpi,  either  by  the 
application  of  folid  bodies,  or  acrid  fluids,  to 
the  elaftic  power  of  their  fibres  *  ;  but  with" 
out  informing  us  particularly,  whether  by  this 
they  only  underftood  that  remarkable  power 
of  refilition  belonging  to  many  bodies,  and 
from  which  they  are  named  elaftic,  or  fome- 
thing  different  from,  or  fuperadded  to  this. 
However,  thefe  would  have  done  well  to 

confider, 

*  Bagtiv.  opera,  4'co,  lib.  de  bbra  motrice,  cap.11. 
p.  335.  &  Differt.  de  anat.  fibrar.  &  motu  mufcuL  p.  403^ 

F-  Hoffman,  fyftem.  med.  lib.  1.  fedt.  1.  cap.  3.  N°  17* 
&  18, 
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confider,  that  an  elaftic  body,  of  whatever 
kind  it  may  be  fuppofed,  is  no  more  than  a 
piece  of  dead  inactive  matter,  without  any 
power  of  generating  motion  ;  and  that  tho’ 
it  ever  recoils  with  a  force  proportional  to 
that  which  bent  or  wound  it  up,  yet  it  does 
this  only  in  confequence  of  its  being  adted 
upon,  and  not  from  any  proper  agency  of  its 

own.- - That  the  fharpeft  needle  does  not 

produce  ftronger  vibrations  in  the  fpring  of 
a  watch,  than  a  blunt  one  adting  upon  it  with 
equal  force  5  and  that  fpirit  of  wine,  or  oil  of 
vitriol,  dropt  upon  the  moft  highly  elaftic 
body,  difturb  not  its  ftate  of  reft,  any  more 
than  the  mildeft  milk,  or  oil  of  almonds  : 
whereas  the  contrary  of  all  this  is  true  with 
refpedt  to  the  adtion  either  of  ftimulating  fo- 
lid  bodies  or  acrid  fluids  upon  the  mufcular 
fibres  of  animals  5  whence  it  follows,  that 
the  motions  they  produce  are  not  to  be  ex¬ 
plained  by  any  elaftic  powers,  which,  it  may 
be  imagined,  thefe  fibres  are  endued  withal. 

2.  Others,  giving  fcope  to  a  lively  ima¬ 
gination,  have  fancied  the  animal  fpirits  lod¬ 
ged  in  the  cavities  of  the  mufcular  fibres;  to 

confift 
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confift  of  a  number  of  little  fprings  wound 
up,  which,  by  the  application  of  ftimulating 
bodies,  being  put  into  vdbratory  motions,  di¬ 
late  thefe  fibres,  and  fo  render  the  whole 
mufcle  fhorter  Not  much  different  from 
this  is  the  opinion  of  the  learned  Dr.  Senac , 
who  tells  us,  in  his  accurate  Treatife  upon 
the  heart  *f*,  that  this  mufcle  is  brought  into 
contraction  by  the  returning  venous  blood, 
which  dilates  its  ventricles,  and  if  retches  their 
conftituent  fibres  in  fuch  manner,  as  to  excite 
an  ofcillation  in  the  animal  fpirits  lodged  in 
them,  and  confequently  to  make  the  mufcular 
fubftance  of  the  heart  fwell  and  become  hard* 
But,  waving  the  objection,  that  as  the 
nature  of  the  animal  or  vital  fpirits,  as  they 
are  called,  is  altogether  beyond  our  ken,  e- 
very  account  of  mufcular  motion  from  a y?/- 
mulus  which  depends  on  their  peculiar  energy 
or  manner  of  aCtion,  muff  therefore  be  mere¬ 
ly  hypothetical  and  precarious  at  befl ;  may 
it  not  well  be  afked,  why,  if  mufcular  con¬ 
traction  from  a  jlimulus  were  owing  to  the  a- 
nimal  fpirits  excited  into  an  ofcillatory  mo¬ 
tion  ? 

*  Lieutaud .  element.  Phyfiolog.  p.  71.  72.  &  261. 

f  Vol.  1.  lib.  2.  tap.  8. 
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tion,  fhould  preffing  the  belly  of  a  mufcle 
with  a  fmooth  body  caufe  a  weaker  ofcillation 
than  the  pricking  of  a  pin,  which  is  applied 
with  lefs  force,  and  affeds  only  a  very  few  of 
its  fibres  ?  or  why  fhould  one  and  the  fame 
irritating  caufe  ading  on  the  tendinous  fibres 
of  a  mufcle,  raife  a  much  more  violent  ofcil¬ 
lation  of  the  nervous  fluid,  than  when  applied 
to  its  carnous  ones  ?- — —  Befides,  fuppofing 
the  animal  fpirits  lodged  in  the  mufculaf 
fibres  to  be  ever  fo  elaftic,  would  it  not  be  in 
vain  to  go  about  deducing  the  motions  of 
mufcles  confequent  upon  a  Jiimulus  from  this 
property,  fince  elaftic  bodies,  as  was  obferved 
above,  never,  of  themfelves,  generate  motion, 
but  recoil  only  with  a  force  proportional  to 
that  wherewith  they  are  aded  upon.  If  it  be 
pretended,  that  the  animal  fpirits  differ  from 
other  elaftic  bodies,  or  owe  their  ofcillatory 
motion  to  fome  other  caufe*,  no  fatisfadion, 
iurely,  can  arife  from  fuch  a  refuge  in  igno¬ 
rance  ;  for  thefe  fpirits  muft  either  ad  entire¬ 
ly  as  a  mechanical  power,  or  not :  if  the  af¬ 
firmative  be  admitted  as  true,  it  muft  alfo  at 
the  fame  time  be  confefled,  their  readion, 

G  g  like 

*  Senac.  Traite  da  coeur,  vol.  1.  p*452. 
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like  that  of  other  elaftic  bodies,  can  never 
exceed  the  power  adting  upon  them  and  put¬ 
ting  them  in  motion  :  but  if  their  adtion,  in- 
ftead  of  being  properly  mechanical,  be  afcri- 
bed  to  fome  unknown  adtive  properties,  this 
will  be  found  to  be  not  only  a  mere  hypothefs , 
but  fuch  a  one  as  will  hereafter  be  proved  ut¬ 
terly  irreconcileable  with  the  phenomena  of 
mufcular  contradtion  from  a  Jiimulus. 

3*  It  may  be  thought,  that  mufcular  con¬ 
tradtion  is  owing  to  fome  kind  of  explofion, 
ebullition  or  effervefcence,  occafioned  by  the 
mixture  of  the  nervous  and  arterial  fluids,  or 
perhaps  to  the  peculiar  energy  of  fome  very 
fubtile  ethereal  or  eledtrical  matter  refiding  in 
the  nerves  ;  and  that  as  thefe  caufes  may  be 
brought  into  adtion  by  the  power  of  the  will, 
in  order  to  voluntary  motion,  fo,  in  the  cafe 
of  involuntary  motion,  they  may  be  necefla- 
rily  determined  to  exert  their  influence,  by 
the  mechanical  adtion  of  heat,  fharp  inftru- 
ments,  or  other  Jiimuli  applied  to  the  fibres 
or  nerves  of  the  mufcles 

But, 

*  Dr.  Robinfon  has  afcribed  mufcular  contraction  from 
heat,  pundtures,  & c.  to  their  exciting  a  vibrating  motion 
in  the  tether  within  the  nerves  and  membranes  of  the  mu¬ 
fcles  i 
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But,  without  inquiring  how  far  the  con¬ 
traction  or  intumefcence  of  a  mufcle  may  be 
owing,  or  not,  to  any  of  the  caufes  now 
mentioned,  it  will  be  no  difficult  matter  to 
fhew  that  they  cannot,  without  the  interven¬ 
tion  of  fome  other  agent,  be  excited  to  exert 
themfelves  by  the  various  Jiimuli  which  are 
obferved  to  bring  the  mufcles  of  animals  into 
contraction  :  for  a  fluid  lodged  in  the  nerves 
or  mufcular  fibres,  though  of  a  nature  fit  to 
produce  explofions,  effervefcences,  &c.  is 
by  no  means  fufficient  for  any  of  thefe  pur- 
pofes,  unlefs  a  caufe  peculiarly  adapted  to  ex¬ 
cite  fuch  motions  be  applied  to  it.  Thus  gun¬ 
powder 


fcles ;  and  thinks  that  the  explofion  of  the  eleCtrical  vapour 
brings  the  mufcles  into  a  ftrong  and  fudden  contraction,  by 
raifing  a  ftrong  vibrating  motion  in  the  either  lodged  in 
their  nerves  and  membranes.  Animal  (Economy,  prop.  8. 
and  Diftertation  on  Sir  Ifaac  Newton’s  tether,,  Appendix, 

p.  140. - Dr.  Langrijh  alfo  is  of  opinion,  that  warmth 

and  pricking  with  a  needle  renew  the  contraction  of  the 
heart,  by  putting  in  motion  the  ethereal  matter  of  the 

nerves.  Cronean  LeCtures,  feCt.  127.  and  15 1. - And 

as  of  late  years  there  has  appeared  a  fondnefs  in  fome,  to 
explain  almoft  every  hidden  operation  in  nature  by  eleCtri- 
city,  I  thought  it  might  not  be  improper  to  fhew,  that  the 
eleCtrical  aura ,  even  fuppofing  it  were  the  material  caufe 
of  mufcular  contraction,  will  not  enable  us  to  account  for 
the  motions  of  mufcles,  whofe  fibres  or  membranes  are 
pricked,  torn,  or  otherwife  ftimulated. 
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powder  produces  no  explofion  without  the  ah 
fiftance  of  fire  y  nor  are  eledrical  effluvia  ex¬ 
cited  into  action,  but  by  the  attrition  of 
certain  bodies.  Alcaiies  then  only  raife  a 
commotion  when  mixed  with  acids  y  and  no 
effervefcences  or  hidden  ebullitions  can  be 
produced,  without  the  mixture  of  fubftances 
difagreeing  in  their  qualities.  Fire  applied  to 
a  glafs  globe  will  not  produce  eledricity,  any 
more  than  fridion  will  make  an  alcaline  liquor 
effervefce,  or  the  mixture  of  an  acid  fet  gum 
powder  in  a  flame.  If  therefore  mulcular 
motion  were  owing  to  any  of  the  caufes  a- 
bove  mentioned,  it  might  reafonably  be  ex- 
peded  that  it  would  only  follow  upon  the  ap¬ 
plication  of  certain  kinds  of ftimuli  to  the  mu- 
fcular  fibres  :  but  we  know  from  experience, 
that  inftruments  of  different  metals,  provided 
their  fharpnefs  and  figure  be  the  fame,  have 
an  equal  power  of  bringing  the  mufcles  of  ani¬ 
mals  into  adion  :  —  that  it  makes  no  odds 
whether  the  ftimulating  fubftances  be  eledrics 
per  fe,  or  ;zfl/z-eledrics  :  —  that  acrid  liquors 
of  quite  oppofite  natures  have  much  the  fame 
eflfed,  if  their  degree  of  pungency  be  equal : 
r-  that  acids,  alcaiies,  neutral  falts,  heat. 
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pricking,  tearing,  and  in  fhort  every  kind  of 
irritation,  excite  the  mufcles  of  animals  into 
contraction  ;  and  that  there  is  no  difference 
in  the  motions  they  produce,  except  what 
arifes  from  their  adting  as  ftronger  or  weak¬ 
er  Jiimuli ,  i.  e,  from  irritating  the  part  more 
or  lefs. 

Further,  no  violent  motion  is  produced 
by  any  bodies  in  nature,  however  adtive,  un- 
lefs  the  peculiar  caures  neceffary  to  produce 
this  be  applied  to  them  :  but  in  order  to  the 
contraction  of  a  mufcle,  it  is  not  neceffary 
that  the  ftimulus  fhould  be  applied  to  its  fibres ; 
it  is  enough  that  the  common  membranes  co¬ 
vering  them  are  irritated,  the  fame  effedt  be¬ 
ing  hence  produced  as  from  wounding  the 
very  fibres  of  the  mufcle.  This  is  evidently 
fadt,  in  the  cafe  of  the  heart,  ftomach,  guts, 
and  bladder  ;  nay,  many  times  mufcles  are 
excited  into  adtion  by  a  ftimulus  affedting  a  re¬ 
mote  part  with  which  they  have  no  imme¬ 
diate  connexion,  or  fo  much  as  even  a  com¬ 
munication  by  means  of  nerves,  unlefs  it  be 
that  general  one  fubfifting  between  all  the 
parts,  as  their  nerves  are  derived  from  the 
fame  brain.  Thus  any  thing  which  affedts 

the 


238  Of  the  V  ITAL  and 

the  interior  membrane  of  the  ftomach  after 
a  difagreeable  manner^  brings  the  diaphragm 
and  abdominal  mufcles  into  convulftve  con- 
traCtions :  the  aCtio'n  of  light,  as  a  Jlimulus , 
upon  the  tender  retina  is  followed  by  the  con¬ 
traction  of  the  orbicular  mufcle  of  the  uvea, 
and  according  to  the  various  impreffions  made 
by  founds  upon  the  auditory  nerves,  the  mu¬ 
fcles  of  the  internal  ear  are  contracted  vari- 
oufly. 

Lastly,  As  the  eleCtrical  effluvia ,  ex¬ 
cited  by  fridtion  of  certain  bodies,  are  not 
emitted  by  fits  and  ftarts,  but  in  a  continued 
equable  flream,  fo  neither  do  the  explofions 
or  effervefcences  produced  by  the  mixture  of 
fubftances  of  difagreeing  natures  exert  them- 
felves,  like  irritated  mufcles,  by  alternate  ef¬ 
forts.  As  little  will  the  ofcillations  of  an 
elaftic  ether  (fuppofing  the  animal  fpirits  to  be 
of  this  nature)  ferve  to  explain  this  phenome¬ 
non,  fmce  thefe  mu  ft  always  follow  the  laws 
of  vibration  obferved  in  other  elaftic  bodies, 
which  yet  are  utterly  inconftftent,  as  we  fhall 
have  occaiion  of  proving  below,  with  the  al¬ 
ternate  and  vibratory-like  contractions  of 
mufcular  fibres  from  an  irritation.  Upon 

the 
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the  whole  then,  we  may  fairly  conclude  that 
the  contraction  of  an  irritated  mufcle  cannot 
be  owing  to  any  effervefcence,  explofion, 
ethereal  ofcillation,  or  electrical  energy  ex¬ 
cited  in  its  fibres  or  membranes,  by  the  me¬ 
chanical  action  of  the  Jlimulus  upon  them. 

.  t 

4.  Several  Phyfiological  writers  have 
fuppofed  fome  latent  power  or  property  in  the 
mufcular  fibres  of  animals,  to  which  their 
motions,  in  confequence  of  an  irritation  are 
to  be  referred 

But  this  opinion  feems  to  be  no  more  than 
a  refuge  of  ignorance,  which  nothing,  but 
the  defpair  of  any  fuccefs  in  their  inquiries 
into  this  matter,  can  have  driven  them  into. 
For,  if  they  here  mean  fome  unknown 
active  powers  refulting  from  the  peculiar  con- 
ftitution  or  mechanical  ftructure  of  a  mufcu¬ 
lar  fibre,  it  may  be  fufficient  reafon  with  us 
for  denying  there  are  any  fuch  latent  caufes, 
that  the  affertors  of  them  have  hitherto  been 

as 

*  Peyer.  Parerg.  anatom.  7.  p.  198. 

Haller,  not.  in  Boerhaave  inftitut.  med.  vol.  4.  p.  6 15. 
Sc  617.  Comment.  /.  G.  H.  inBoerhaave  inftitut.  med.  voi. 
5.  p.  101.  &  104. 
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as  unable  to  vindicate  their  exiitence  by  pha~ 
nomena ,  which  cannot  be  explained  without 
them,  as  to  fpecify  their  true  nature ;  be- 
fides  that  it  mu  ft  appear  greatly  unphilofo- 
phical  to  attribute  adtive  powers  to  what, 
however  modified  or  arranged,  is  yet  no 
more  than  a  fyftem  of  mere  matter  ;  powers 
I  fay,  which  are  not  only  confeffedly  fuperi- 
or  to  the  utmoff  efforts  of  mechanifm,  but 
contrary  to  all  the  known  properties  of  matter. 

Further,  the  influence  of  a  Jlimulus  in  ex¬ 
citing  even  mufcles,  to  which  it  is  not  ap¬ 
plied,  into  contraction,  plainly  argues  fuch 
motion  not  to  arife  from  any  hidden  power 
in  the  mufcle  being  called  into  adtion  by  the 
mechanical  effedt  or  operation  of  the  Jlimulus . 
Every  attempt,  therefore,  towards  explain¬ 
ing  the  motions  of  irritated  mufcles,  from 
properties  which  their  fibres,  confidered  as 
mechanical  inftruments,  ever  fo  exquifitely 
framed,  or  nicely  adjufted,  can  be  fuppofed 
endued  withal,  mull  be  vain  and  fruitlefs : 
for  as  well  might  we  pretend  the  eye  fees 
objedts,  and  the  ear  hears  founds,  purely  by 
virtue  of  their  being  material  organs,  as 
imagine  the  motions  of  animal  fibres  from  a 
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jtimulus ,  to  be  owing  folely  to  their  mechanic 
cal  ftrudture,  or  to  the  peculiar  arrangement 
and  difpofition  of  their  parts* 

5.  Some  may,  perhaps,  be  of  opinion, 
that  the  all- wife  Author  of  nature  hath  en¬ 
dued  the  mufcular  fibres  of  animals  with 
certain  active  powers,  far  fuperior  to  thofe 
of  common  matter,  and  that  the  motions  of 
irritated  mufcles  are  owing  to  thefe.  And 
indeed  we  cannot  but  readily  acknowledge, 
that  he  has  animated  all  the  mufcles  and  fibres 
of  animals,  with  an  adtive  fentient  principle 
united  to  their  bodies,  and  that,  to  the  energy 
of  this  principle,  are  owing,  the  con¬ 
tractions  of  ftimulated  mufcles.  But  if  it 
be  imagined  that  he  has  given  to  animal  fibres 
a  power  of  fenfation,  and  of  generating  mo¬ 
tion,  without  fuperadding  or  uniting  to  them 
an  adtive  principle,  as  the  subject  and 
cause  of  thefe,  we  prefume  to  fay,  that  a 
fuppofition  of  this  kind  ought  by  no  means 
to  be  admitted ;  fince,  to  affirm  that  matter 
can,  of  itfelf,  by  any  modification  of  its 
parts,  be  rendered  capable  of  fenfation,  or 
of  generating  motion,  is  equally  as  abfurd, 
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as  to  afcribe  to  it  a  power  of  thinking.  Matter* 
fo  far  as  we  can  judge  of  it  by  all  its  known 
properties,  appears  to  be  incapable  either  of 
fenfation  or  thought :  and  the  whol ephtznomena 
of  the  mere  material  world  evidently  (hew, 
that  it  adts  invariably  according  to  certain 
laws  prefcribed  to  it,  and  without  any  feeling* 
inclination  or  choice  of  its  own  ;  nor  is  there 
any  thing  more  refembling  will,  felf-deter- 
mination,  or  real  adtive  power  in  the  mpffc 
refined  and  fubtile  parts  of  matter,  than  in  the 
grofieft  and  moft  fiuggifh. 

If  then  the  effedfcs  of  fli?nuli  upon  the  mu- 
fcular  fibres  of  animals,  cannot  be  deduced 
from  any  property  or  powers  belonging  to 
them,  as  mere  material  organs,  it  remains, 
that  they  are  ovding  to  an  adtive  fentient 
principle  animating  thefe  fibres.  But  this 
will  more  evidently  appear  from  the  follow¬ 
ing  confiderations. 

i.  A  ftimulus  applied  to  the  mufcles  of  ani¬ 
mals  when  laid  bare  produces,  inftead  of  on¬ 
ly  one  contradtion  lafting  for  a  confiderable 
time,  leveral  contradtions  and  relaxations  al¬ 
ternately  fucceeding  each  other,  which  be¬ 
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t  . 

come  gradually  weaker,  and  are  repeated 
after  longer  intervals,  as  the  force  of  the  ir¬ 
ritating  caufe  is  diminilhed  *,  Now,  thefe 
alternate  contractions  are  eafily  accounted 
for,  if  we  fuppofe  them  to  proceed  from  a 
fentient  principle,  which,  in  order  to  the 
getting  rid  of  the  pain  or  uneafy  fenfation 
that  arifes  from  the  irritation  of  the  mufcle, 
determines  the  influence  of  the  nerves  into 

its  fibres  more  ftrongly  than  ufual.  For,  if 

^  . - - - *  » 

by  one  or  two  contractions  the  irritating  caufe 
be  thrown  off,  and,  together  with  it,  the 
difagreeable  fenfation  removed,  the  mufcle 
will  return  to  its  former  ftate  of  reff ;  if 
otherwife,  it  will  continue  for  a  longer  time* 
to  be  agitated  by  alternate  convulfive  motions, 
which  will  be  more  or  lefs  forcible,  and  re¬ 
peated  after  fhorter  or  longer  intervals,  in 
proportion  as  the  jlimulus  and  painful  fenfation 
hence  enfuing  are  ftronger  or  weaker.  The 
titillation  of  a  {lighter  ftimulus  will  be  fo  much 
weakened  by  the  fir  ft  contraction  of  the  mu¬ 
fcle,  that  fome  fpace  of  time  muff  intervene 
before  it  will  be  able  to  produce  a  iecond : 
whereas  the  lmart  pain,  which  follows  a 

ftrong 
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flrong  irritation)  affeCts  the  fentient  principle 
fo  powerfully,  that  no  fooner  is  the  mufcle 
relaxed,  than  a  new  contraction  neceflarily 
comes  on.  Thus  a  gentle  irritation  of  the 
left  orifice  of  the  ftomach  caufes  only  a  flight- 
er  hiccup  or  convulfive  contraction  of  the 
diaphragm,  which  too  is  not  repeated  till 
after  confiderable  paufes  ;  while  a  greater 
irritation,  not  only  excites  ftronger  convul- 
fions  of  this  mufcle,  but  alfo  a  quicker  re¬ 
petition  of  them. 

Why  the  fentient  principle,  in  confequence 
of  a  painful  fenfation,  does  not  keep  irritated 
mufcles  in  a  continued  ftate  of  contraction, 
but  allows  them  to  be  alternately  relaxed, 
fhall  be  afterwards  explained. 

If  the  contraction  of  an  irritated  mufcle 
were  owing  to  the  aCtion  of  the  fimulus  upon 
it  as  a  mere  mechanical  organ,  then,  fo  long 
as  the  fimulus  continued  to  aCt  equably,  the 
mufcle  ought  to  remain  equally  contracted, 
and,  upon  its  ceafing,  the  mufcle  ought  to  be 
relaxed,  or  rather  the  mufcle,  upon  the  firft 
application  of  the  famulus,  ought  to  be  fud-^ 
denly  contracted  ;  which  contraction  fliould 
become  weaker  by  flow  degrees,  till  at  length 

the 
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the  mufcle  had  returned  to  its  natural  ftate  of 
relaxation.  If  a  few  drops  of  any  acrid  li¬ 
quor  let  fall  on  a  bare  mufcle,  or  the  prick¬ 
ing  with  a  needle,  excites  it  into  contraction, 
as  a  mechanical  caufe  aCting  upon  a  mecha¬ 
nical  organ  •,  then,  fo  long  as  the  caufe  aCts 
on  the  organ,  the  effeCt  muft  continue  to 
follow  ;  and  if  the  caufe  becomes  gradually 
weaker,  fo  alfo  muft  the  effeCt,  till  it  ceafes 
altogether,  /.  e .  the  mufcle  ought  not  to  be 
agitated  with  alternate  convulfive  motions ; 
but,  after  its  firft  and  ftrongeft  degree  of  con¬ 
traction,  it  fhould  begin  to  lofe  fome  of  its 
force,  and  continue  to  do  fo,  till  it  came  a-r 
gain  to  its  natural  ftate. 

What  mod:  refembles  mufcular  contracti¬ 
on  from  an  irritation,  is  the  falling  or  doling 
of  the  leaves  of  the  fenlitive  plant  after  being 
touched  :  but  this  equally  happens,  whe¬ 
ther  thefe  leaves  be  touched  with  the  fharp 
point  of  a  penknife,  or  the  blunt  end  of  a 
pencil,  with  a  piece  of  fmooth  wax  or  rough 
iron,  with  brandy  or  with  water.  Here 
there  are  no  alternate  contractions  and  relaxa¬ 
tions,  as  in  the  mufcular  fibres  of  animals ; 
no  indication  of  feeling  or  of  being  peculiarly 
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affeCted  by  ftimulating  things ;  but  all  is  ef¬ 
fected  by  mere  contaft  or  mechanical  impulfe. 
I  cannot  help  obferving  in  this  place,  though 
foreign  to  my  prefent  purpofe,  that  the  do¬ 
ling  of  the  leaves  of  the  fenlitive  plant  upon 
their  being  touched,  cannot  be  owing,  as 
fome  have  lately  imagined,  to  the  eleCtrical 
matter  iffuing  from  them  ;  fince  the  touch  of 
wax,  which  repells  this  matter,  makes  them 
clofe  as  remarkably,  as  that  of  non-e leCtric 
bodies :  nay,  a  piece  of  wax  ftrongly  electri¬ 
fied  by  rubbing,  made  the  leaves  of  this  plant 
quickly  clofe,  by  attracting  them  to  it  with  a 
coniiderable  force. 

If  it  be  faid,  that  the  elaflic  fibres  of  the 
mufcles,  or  the  nervous  fluid  contained  in 
their  cavities,  are  excited  by  a  Jiimulus  into 
ftrong  ofcillations,  which  are  repeated  till 
the  irritation  ceafes,  or  even  for  fome  time  af¬ 
ter  ;  I  anfwer, 

«  That  it  is  not  eafy  to  conceive  how  fuch 
ftimuli  as  don’t  aCt  by  any  mechanical  force, 
but  merely  by  their  acrimony,  fhould  excite 
an  ofcillatory  motion  in  the  fuppofed  elaftic  fi¬ 
bres  of  the  mufcles,  or  in  the  animal  fpirits 

lodged  in  them.  But  not  to  infift  on  this, 
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]S  If  the  motion  of  our  mufcles  from  a  fa- 
mulus  were  owing  to  elaftic  vibrations  of  any 
kind  whatever ;  how  could  the  fphin&er  pa¬ 
pilla  and  the  mufcles  of  the  internal  ear,  con¬ 
tinue  uniformly  and  equably  contracted  for  a 
confiderable  time,  which  they  never  fail  to 
be,  when  the  Jlitnuli  affeCting  them  adt  with 
unvaried  force  ?  And  why  ought  they  not  ra¬ 
ther  to  be  agitated  by  a  number  of  quickly 
repeated  contractions  ?  Nay  the  continued, 
uniform  and  equable  contraction  of  the  vo¬ 
luntary  mufcles  would  be  impoflible,  if  their 
motion  was  owing  to  any  elaftic  ofcillations. 

7  If  mufcular  motion  from  a  famulus  were 
the  effedt  either  of  the  vibrations  of  the  ner¬ 
vous  fluid,  or  of  the  folid  elaftic  fibres  of  the 
mufcles  themfelves,  the  alternate  contractions 
of  an  irritated  mufcle,  like  the  vibrations  of 
elaftic  bodies,  ought  to  follow  one  another 
at  equal  intervals,  nor  would  they  be  more 
flowly  repeated  as  they  become  weaker,  and 
were  about  to  ceafe ;  which  however  is  the 

cafe. - A  mufical  chord,  a  bell,  or  any 

other  elaftic  body,  performs  its  vibrations  in 
equal  times,  whether  it  be  adted  upon  by  a 
ftronger  or  a  weaker  force ;  and  its  ofcillati- 
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ons  follow  one  another ;  from  firft  to  lm> 
with  an  equal  degree  of  fwiftnefs :  In  like 
manner  the  elaftic  pulfes  which  thefe  bodies 
communicate  to  the  ambient  air*  fucceed  each 
other  as  quickly  in  diftant  places,  where  the 
found  is  faint,  as  in  thofe  near  the  fonorous 
body,  where  it  is  ftrongef.  Since  therefore 
the  alternate  contractions  of  irritated  mufcles 
do  not  follow  the  law  of  the  vibration  of  ela¬ 
ftic  bodies,  but  become  remarkably  flower 
when  they  decreafe  in  ftrength,  and  before 
they  ceafe  altogether ;  it  follows  with  all  the 
force  of  demonftration,  that  they  cannot  be 
owing  to  any  elaftic  vibrations  excited  in  the 
mufcular  fibres,  or  in  the  nervous  fluid  con«* 
tained  in  them.  But  of  this  more  fully  after-* 
wards  ■*, 

2.  If  it  were  conftantly  obferved,  that  fuch 
mufcles  only  as  had  their  fibres  immediately 
aCted  upon  by  a  ftimulus ,  were  excited  into 
contraction,  then  indeed  it  might  be  fufpe- 
dted  with  greater  fhew  of  reafon,  that  fuch 
motions  were  no  more  than  a  neceflary  confer 

quence 

*  Vid.  fea.  xiih  below  on  the  motion  of  the  mufcles  of 
animals  when  feparated  from  the  body. 


other  Involuntary  Motions. 


249 

quence  of  the  mechanical  adtion  of  the  Jli- 
tnulus  upon  the  mufcular  fibres :  but  as  we 
find  the  mufcles  of  animals  brought  into  adti~* 
on  without  any  irritation  of  their  fibres, 
whenever  a  Jlimulus  is  applied  to  the  coats 
or  membranes  covering  them,  or  to  fome 
neighbouring  or  even  diftant  part,  it  feems 
abfurd  to  imagine  fuch  motion  owing  to  the 
mechanical  adtion  of  the  Jlimulus  upon  the 
fibres  of  the  mufcle,  and  not  to  the  impref- 
fion  it  makes  on  the  fentient  principle.  Thus 
the  contradtion  of  the  Jphincier  pupillce  arifing 
from  the  adtion  of  light  on  the  retina ,  with 
which  it  has  no  communication  of  nerves, 
cannot  pofiibly  be  explained  mechanically, 
but  mu  ft  be  owing  to  fome  fentient  principle 
in  the  brain,  which,  excited  by  the  uneafy 
fenfation,  determines  the  influence  of  the 
nerves  more  copioufly  into  that  mufcle.  The 
fame  thing  is  alfo  true  of  the  various  motions 
of  the  mufcles  of  the  malleus  and  flapes  from 
different  founds  ftriking  upon  the  auditory 
nerve  ;  and  of  the  motions  of  the  eye-lids  as 
often  as  any  thing  irritates  the  cornea ,  be  it  ever 
fo  gently. — The  contradtion  of  the  diaphragm 
and  intercoftal  mufcles,  in  confequence  of  an 

I  i  uneafy 
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uneafy  feniation  in  the  lungs,  mud  alfo  be 
owing  to  the  mind  or  fentient  principle  a- 
ding  at  the  origin  of  the  nerves,  and  not  to 
any  change  wrought  mechanically  upon  the 
fibres  of  thefe  mufcles,  by  the  difficult  pai- 
fage  of  the  blood  through  the  pulmonary  vef- 
fels.  The  violent  adion  of  the  diaphragm 
and  abdominal  mufcles  in  a  tenefmus  or  ftran- 

gury  is  to  be  explained  in  the  fame  way. - 

If  a  fpark  from  the  fire,  or  a  drop  of  boiling 
water,  falls  upon  one's  foot,  the  leg  is  inftant- 
ly  drawn  in  towards  the  body ;  but  as  the  mu¬ 
fcles  employed  in  this  adion  are  thofe  which 
run  along  the  thigh,  and  are  inferted  about  the 
head  of  the  tibia,  it  is  mamfeft  that  this  fli - 
mulus  cannot  excite  the  mufcles  into  contra¬ 
ction  in  confequence  of  any  mechanical  a- 
dion  upon  them  :  and  if  fympathy  of  nerves, 
or  continuation  of  membranes,  fhall  be  al- 
iedged  as  the  caufe  of  this  motion,  it  may  be 
iuftly  demanded*  why  the  mufcles  which  run 
along  the  leg,  and  are  inferted  into  the  foot, 
are  not  more  remarkably  moved  than  thofe  of 
the  thigh,  fince  they  have  a  nearer  connexion 
with  the  part  to  which  the  jlimulus  is  applied ; 
or  why  the  extenfors  of  the  leg  are  not  brought 


other  Involuntary  Motions. 


251 

equally  into  aCtion  with  its  flexors.  It  re¬ 
mains  therefore  that  the  motion  of  the  leg,  in 
this  cafe,  be  attributed  to  the  pain  or  uneafy 
fenfation  excited  by  the  fire  or  boiling  water, 
for  avoiding  of  which  the  fentient  principle 
is  inftantly  determined  to  put  the  flexors  of 
the  leg  in  motion,  and  fo  to  remove  the  mem¬ 
ber  from  the  offending  caufe.  Nay,  where 
the  Jiimulus  is  applied  to  the  membranes  or  te¬ 
guments  covering  the  mufcles,  it  feems  high¬ 
ly  probable,  that  the  fubfequent  contractions 
are  not  owing  to  any  change  firfl:  made  on 
their  fibres :  thus  the  convulfive  motions  of 
the  intercoftal  and  other  mufcles  of  the  trunk 
of  the  body,  which  are  excited  by  tickling 
the  fides,  muft  undoubtedly  be  afcribed  to  the 
mind,  which,  in  order  to  avoid  the  difagreeable 
titillation,  puts  thefe  mufcles  in  aCtion,  and 
not  to  any  immediate  influence  the  tickling 
can  have  on  their  fibres ;  otherwife  why  fliould 
the  fame  mechanical  aCtion  of  our  own,  and 
of  another  perfon’s  fingers,  affeCt  us  fo  dif¬ 
ferently  ? —  TinCture  of  ipecacuan  applied  to 
the  internal  furface  of  the  ftomach,  does  not 
feem  to  produce  the  convulfive  contractions 
of  that  bowel  in  vomiting,  by  immediately 

affeCting 
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affe&ing  its  mufcular  coat,  which  is  defended 
by  the  nervous  and  villous  ones,  but  by  irri¬ 
tating  its  nervous  papillae  >  and  thence  affedt- 

\ 

ing  the  mind  or  fentient  principle. 

Since,  therefore,  ftimuli  applied,  not  only 
to  remote  parts,  but  alfo  to  the  membranes 
or  coats  immediately  covering  any  mufcle, 
excite  it  into  contraction  by  the  intervention 
of  the  mind  ;  is  it  not  reafonable  to  think, 
that  even  when  the  mufcles  themfelves,  or  a 
few  of  their  fibres,  are  irritated,  the  fubfe- 
quent  motions  are  owing  to  the  mind's  being 
excited,  from  a  difagreeable  fenfation,  to  de¬ 
termine  the  influence  of  the  nerves  more 
ftrongly  into  them  ?  This,  however,  will  ftill 
further  appear,  if, 

3.  We  confider,  that  not  only  an  irritation 
of  the  mufcles  of  animals,  or  parts  nearly 
connected  with  them,  is  followed  by  convui- 
five  motions ;  but  that  the  remembrance  or 
idea  of  things,  formerly  applied  to  different 
parts  of  the  body,  produces  almofi:  the  fame 
cffedt,  as  if  they  themfelves  were  really  pre- 
fent.  Thus  the  fight,  or  even  the  recalled 
idea  of  grateful  food,  caufes  an  uncommon 
flow  of  fpittle  into  the  mouth  of  a  hungry  per¬ 
son  $ 
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fon  ;  and  the  feeing  of  a  lemon  cut,  produ¬ 
ces  the  fame  effedt  in  many  people. — The 
fight  of  a  medicine  that  has  often  provoked 
vomiting,  nay  the  very  mention  of  its  name, 
will  in  many  delicate  perfons  raife  a  naufea  ; 
and  they  are  aflfedted  much  in  the  fame  man¬ 
ner  when  they  behold  any  one  under  the  vio¬ 
lent  operation  of  an  emetic.- — The  apprehen- 
lion  or  fear  of  having  one’s  fides  tickled, 
caufes  almoft  the  fame  motions  in  the  trunk 
of  the  body,  while  another  perfon  threatens 
or  attempts  it,  as  tickling  itfelf  would  do, 
though  in  a  lefs  degree. 

Further,  That  many  very  remarkable 
changes  and  involuntary  motions  are  fud-* 
denly  produced  in  the  body  by  the  various 
aflfedtions  of  the  mind,  is  undeniably  evinced 
from  a  number  of  fadts.  Thus  fear  often 
jcaufes  a  fudden  and  uncommon  flow  of  pale 
urine.  Looking  much  at  one  troubled  with 
fore  eyes,  has  fometimes  affedted  the  fpedlator 

with  the  fame  difeafe.= - Certain  founds 

caufe  a  fhivering  over  the  whole  body. — -The 
noife  of  a  bagpipe  has  raifed  in  fome  perfons 
an  inclination  to  make  urine. — The  fudden 
appearance  of  any  frightful  objedt,  will,  in 

delicate 
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delicate  people,  caufe  an  uncommon  palpita¬ 
tion  of  the  heart. — The  fight  of  an  epileptic 
perfon  agitated  with  convulfions,  has  brought 
on  an  epilepfy ;  and  yawning  is  fo  very 
catching,  as  frequently  to  be  propagated 
through  whole  companies.  In  thefe  cafes, 
the  motions  produced  in  the  veffels  of  the 
eyes  or  eye-lids,  in  the  heart,  ftomach  and 
bladder,  in  the  fecretory  tubes  of  the  falivary 
glands  and  kidneys,  in  the  mufcles  employed 
in  yawning,  &c,  cannot  be  owing  to  the  me¬ 
chanical  action  of  the  caufes  above  mentioned 
upon  the  fibres  of  the  parts  moved  :  for 
what  particular  connexion  is  there  between 
the  optic  and  auditory  nerves,  and  thofe 
which  ferve  the  heart,  ftomach,  bladder  of 
urine,  mouth,  falivary  glands,  and  the  mu¬ 
fcles  which  deprefs  the  lower  jaw  and  move 
the  trunk  of  the  body  ?  All  the  nerves  don’t 
at  laft  terminate  in  a  point,  but  in  a  large 
fpace  of  the  brain  j  wherefore  the  confent 
between  them  cannot  be  deduced  from  their 
contiguity,  but  mu  ft  be  owing  to  a  fentient 
principle,  whichis  prefent  at  le  ast  where-* 
ever  the  nerves  have  their  origin,  and  wThich, 
accordingly  as  it  is  varioufly  affebted,  produ-e 

ces 
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c£s  motions  and  changes  in  different  parts  of 
the  body. 

If  then  external  causes  affecting  the  brain, 
do,  by  the  intervention  of  the  mind  or  fen- 
tient  principle,  produce  remarkable  changes 
in  the  mufcles  of  fpontaneous  as  well  as  of 
voluntary  motion  ;  and  if  the  idea  of  a  ftimulus 
has  in  many  cafes  almoft  the  fame  effed  as 
the  thing  itfelf ;  is  it  not  highly  reafonable 
to  think,  that  ftimulating  things  applied  to 
the  mufcles  of  animals  excite  them  to  con- 
trad,  not  by  any  immediate  mechanical  adion 
upon  their  fibres,  not  by  caufing  an  unintel¬ 
ligible  explofion  or  effervefcence,  or  exciting 
ftrong  vibrations  in  any  ethereal  or  eledricai 
matter  fuppofed  to  be  lodged  in  thefe  fibres 
or  their  nerves  5  but  by  difagreeably  affeding 
the  fentient  principle,  in  confequence  of 
which  it  determines  the  influence  of  the 
nerves  more  copioufly  into  the  fibres  of  the 
mufcle  ftimulated.  And  there  is  the  lefs 
reafon  to  hefitate  in  admitting  this  dodrine, 
fince  the  various  phenomena  juft  now  recited 
feem  undoubtedly  to  prove  the  prefence,  a- 
gency  and  very  extenfive  influence  of  some¬ 
thing  in  the  bodies  of  animals,  of  a  nature 

different 
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different  from,  and  of  powers  fuperior  to 
mere  matter,  however  modified*  compounded 
or  arranged. 

If  Jiimuli  excite  the  mufcles  of  animals  in¬ 
to  contraction  by  acting  upon  them,  rather 
as  fentient  than  mere  mechanical  or  materi¬ 
al  organs,  it  is  eafy  to  fee,  why  the  mildeft 
aliment  is  apt  to  excite  vomiting  when  the 
coats  of  the  ftomach  are  inflamed,  and 
why  the  heart  is  agitated  with  violent  con- 
vulfions  and  palpitations  as  often  as  itfelf,  or 
even  the  pericardium ,  is  affected  with  any 
degree  of  inflammation.  In  thefe  cafes  the 
ftomach  and  heart  are  rendered  extremely 
fenfible  and  impatient  of  any  irritations 
whence  the  Jiimuli  which  were  in  ufe  to  affect 
them  very  gently,  now  excite  them  into  vio¬ 
lent  convulfions. 

It  has  been  obferved  above,  that  mufcles 
whofe  fibres  have  a  Jlimulus  applied  to  them, 
don’t  remain  contracted  for  any  confiderable 
time,  but  are  agitated  with  alternate  contra¬ 
ctions  and  relaxations.  Thus  any  of  the 
mufcles  of  the  eye,  by  irritating  their  ten¬ 
dinous  fibres  with  the  point  of  a  file,  are  fet 
a  beating  almoft  like  the  heart  of  an  ani¬ 
mal 
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fhal  affected  with  ftrong  palpitations  *.  But 
in  mufcles  whofe  contraction  is  owing  to  the 
action  of  a  Jiimulus  upon  fome  diftant  or 
neighbouring  part,  there  is  a  diverfity  obfer- 
ved ,  fome  of  them  being  uniformly  contract¬ 
ed  while  the  irritating  caufe  lails,  others  al¬ 
ternately  contracted  and  relaxed  :  thus  the 
action  of  light  and  found  upon  the  retina  and 
auditory  nerves,  produces  an  equable  conftant 
contraction  of  the  fphinSter  pupil!#  and  rhu- 
fcles  of  the  internal  ear  5  while  an  irritation  of 
the  membrane  of  the  nofe  and  trachea  is  fol¬ 
lowed  by  alternate  convullive  motions  of  the 
mufcles  of  refpiration,  and  a  titillation  of  the 
inferior  extremity  of  the  gullet,  by  repeat¬ 
ed  contractions  and  relaxations  of  the  dia¬ 
phragm. 

K  k  The  SE 

*  Dr.  Senac  has  fallen  info  a  great  miffake  with  refpect 
to  this  matter,  when  he  affirms  that  an  irritation  makes  the 
mufcles  of  living  animals  only  perform  one  contra&ion,  al¬ 
though  the  fame  caufe  produces  many  repeated  contra¬ 
ctions  in  the  mufcles  of  thofe  that  have  been  newly  kill¬ 
ed  f ;  for,  befides  the  inftance  of  the  mufcles  of  the 
eyes  here  mentioned,  the  heart  of  an  animal  is  obferved  to 
be  agitated  with  violent  and  quickly  repeated  convulfions 
when  it  is  pricked  with  a  fharp  inftrument  immediately  up¬ 
on  opening  the  thorax ;  and,  if  any  other  mufcle  of  a 
living  animal  be  laid  bare,  it  will>  by  irritating  its  fibres- 

of 
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These  very  different  effeCts  of  fi?nuli  on  dif¬ 
ferent  mufcles  and  organs  of  the  body,  which 
I  may  venture  to  pronounce  altogether  inex¬ 
plicable  upon  any  mere  mechanical  theory, 
are  eafily  accounted  for  from  the  principles 
already  laid  down :  for  if  the  contraction  of 
an  irritated  mufcle  be  owing  to  the  uneafy  fen- 
fation  excited  by  the  fiimulus>  as  often  as  the 
firlft  contraction  does  not  remove  this,  the  mu- 
fcle  will  be  agitated  with  alternate  convulfions, 
'as  being  moft  proper  to  throw  off  the  irri¬ 
tating  caufe.  If  indeed,  by  the  firft  contra¬ 
ction,  the  difagreeable  fenfe  of  irritation  be 
quite  removed,  no  further  motion  follows  •, 

but 

or  membranes,  be  brought  into  alternate  contractions.  A 
Jlimulus  therefore  applied  to  the  mufcles  of  animals  excites 
them,  if  it  be  any  way  confiderable,  into  alternate  repeat¬ 
ed  contractions,  whether  the  animals  be  alive  or  newly  kill¬ 
ed  ;  only  the  convulfions  in  the  former  cafe  are  flronger 
and  more  remarkable  than  in  the  latter.  Nay,  it  will  be 
difficult  to  reconcile  this  fuppofed  difference  in  the  effeCt 
of  an  irritation  on  the  mufcles  of  living  and  newly  killed 
animals,  with  the  principle  which  the  Dr.  himfelf  lays 
down,  namely,  that  the  contraction  of  an  irritated  mufcle 
is  owing  to  the  reaction  of  the  animal  fpirits  lodged  in  its 
fibres,  in  confequence  of  the  action  or  impreffion  of  the  Jiimu¬ 
lus  upon  them ;  for  there  does  not  appear  any  reafon  why  the 
reacting  power  of  the  animal  fpirits  fhould  continue  to 
exert  itfelf  longer  or  more  remarkably  in  the  mufcles  of 
dead  animals,  than  in  thofe  of  living  ones. 


ether  Involuntary  Motions.  259 

but  if  it  ftill  remains,  new  convulfive  contra¬ 
ctions  fucceed,  and  continue  to  be  repeated 
alternately,  till  the  Jiimulus  either  ceafes  en¬ 
tirely,  and  is  no  longer  felt,  or  becomes  too 
weak  to  produce  a  new  contraction.  But 
where  the  contraction  of  any  mufcle  caufed 
by  the  aCtion  of  a  Jiimulus  on  a  neighbouring 
part,  would,  if  it  was  alternate,  neither  tend 
to  remove  the  irritation,  nor  render  the  mind 
lefs  fenfible  of  it,  there  no  fudden  relaxa¬ 
tion  follows,  but  the  mufcle  remains  equably 
contracted  as  long  as  the  ftimulating  caufe  con¬ 
tinues  the  fame.  Let  us  now  fee  how  this 
general  doCtrine  can  be  applied  to  the  different 
fpontaneous  motions  of  animals. 

The  alternate  contractions  and  relaxations 
of  the  mufcles  of  refpiration  in  fneezing,  are 
moft  wifely  adapted  to  remove  the  irritating 
caufe  from  the  membrane  of  the  nofe,  and 
to  leffen  the  uneafy  fenfation  arifing  from  it : 
if,  by  the  air  firft  ftrongly  infpired,  and  im¬ 
mediately  after  more  forcibly  expelled  through 
the  nofe,  the  Jiimulus  affeCting  its  nerves  be 
removed,  no  new  contraction  enfuesj  if  not, 
the  aCtion  of  fneezing  is  ftill  repeated,  till  the 
titillation  in  the  nofe  ceafes,  or  becomes  too 

weak 
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weak  to  produce  a  new  convulfion.  In  free¬ 
zing,  inspiration  is  only  performed  in  order  to 
make  way  for  the  Succeeding  violent  expira¬ 
tion,  which  moft  effectually  removes  the  un~ 
eafy  fenfation  or  irritating  caufe  3  at  the  fame 
time  the  Strong  and  hidden  contraction  of  the 
infpiratory  mufcles,  aCts  partly  as  a  kind  of 
Jlifflulus  in  exciting  the  fubfequent  convulfive 
motion  of  the  expiratory  ones.- - -The  al¬ 

ternate  contractions  of  the  diaphragm  in  the 
hiccup,  and  of  the  mufcles  of  refpiration  in 
coughing,  evidently  tend  to  remove  or  leffen 
the  uneafy  fenfation  in  the  gullet  and  trachea , 
and  are  therefore  not  continued,  but  interrupt¬ 
ed  by  alternate  relaxations.  On  the  other 
hand,  a  Strong  irritation  of  the  inteftinum  re - 
Burn,  from  too  great  a  quantity  of  excrement, 
caufes  a  continued  contraction  of  the  abdomi¬ 
nal  mufcles  and  diaphragm,  becaufe  in  this 
cafe  the  contraction  of  thefe  mufcles  has  no 
effeCt  to  leffen  the  uneafy  fenfation,  till  the 
faces  are  expelled.  ’Tis  true  indeed  that  when 
one  is  cohive,  Several  efforts  of  the  diaphragm 
and  abdominal  mufcles  are  required  before 
any  of  the  excrement  is  expelled ;  but  the 
£<Sion  of  thefe  mufcles  is  in  this  cafe  inter- 

rupted. 
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rupted,  not  on  account  of  the  irritation  in  the 
reBum ,  but  in  order  to  carry  on  refpiration, 
which  cannot  long  be  interrupted  without  cau- 
fing  a  moft  uneafy  fenfe  of  fuffocation  in  the 
lungs,  by  which  we  are  more  ftrongly  affect¬ 
ed  than  by  the  Jlimulm  of  the  feces. 

The  caufes  which  produce  the  ereCtion  of 
the  penis  though  they  be  generally  excited 
into  aCtion  by  the  Jlimulus  of  the  feed,  yet  do 
not  aCt  by  alternate  fits,  becaufe  the  ereCtion. 
has  no  immediate  effeCt  to  leffen  the  ftimula- 
ting  caufe :  but  the  contraction  of  the  mufculi 
ejaculatores  feminis  is  alternate,  becaufe  by  each 
convulfive  motion,  the  femen ,  i.  e.  the  irri¬ 
tating  caufe,  is  expelled.— — -The  orbicular 
mufcle  of  the  uvea,  and  the  mufcle§  of  the 
malleus  and  Jiapes ,  remain  equally  contracted, 
while  the  fame  degree  of  light  and  found  is 
applied  to  the  eye  and  ear,  becaufe  their  con¬ 
traction  does  not  hinder  thefe  caufes  from 
aCting  uniformly  and  equably  upon  the  retina 
and  auditory  nerve;  but  no  fooner  is  more  qr 
lqfs  light  applied  to  the  eye,  or  a  ftronger  or 
weaker  found  to  the  ear,  than  thefe  mufcles 

are  more  contracted  or  fomewhat  relaxed. — 

With 
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With  refpeCt  to  the  heart,  as  the  returning 
blood  or  irritating  caufe  is  alternately  recei¬ 
ved  into  its  cavities  and  expelled  out  of  them, 
it  is  eafy  to  fee  why  it  fhould,  like  the  ejacu- 
latores  feminis ,  be  agitated  with  regular  alter¬ 
nate  contractions.  And  as  by  the  fyftole  of  e~ 
very  fmall  portion  of  the  guts,  the  air,  ali¬ 
ments,  £5 ?c.  are  pufhed  into  the  fucceeding 
ones,  the  motion  here  mull  alfo  be  alternate  j 
only  not  fo  equable  and  regular  as  in  the  heart, 
where  the  alternate  action  of  the  irritating 
caufe  is  more  uniform  and  unvaried. 

When  the  fibres  of  a  raufcle  are  irritated, 
by  tearing  them  with  a  fharp  inftrument  or 
otherwife,  a  ftrong  convulfive  contraction  in- 
flantly  enfues  5  which  is  fuddenly  followed 
by  a  relaxation,  becaufe  an  uniform  continued 
contraction  would  not  be  fo  well  fitted  to 
drive  off  the  offending  caufe  from  the  mu¬ 
fcle  as  alternate  contractions  and  relaxations  : 

-  T 

and  we  are  fo  framed  by  the  all-wife  Au- 

J 

thor  of  nature,  as  fpontaneoufly,  and  with¬ 
out  any  previous  reflexion,  to  perform  thefe 
motions  and  aCtions  which  tend  moft  effectu¬ 
ally  to  the  prefervation  of  our  bodies.  It  is 
probable,  however,  that  the  alternate  relaxa¬ 
tions 
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tions  of  irritated  mufcles  may  be  owing  to 
the  uneafy  fenfation’s  being  fome  way  leflened 
by  each  contraction  *,  on  account  of  which, 
the  fentient  principle,  as  being  now  lefs  af- 
feCted,  immediately  allows  the  mufcle  to  be 
relaxed.  This  is  manifeftly  the  cafe  in  the 
hiccup,  where  the  convuifions  of  the  dia¬ 
phragm  weaken  or  fufpend,  for  fome  little 
time,  the  fenfe  of  irritation  in  the  inferior 
extremity  of  the  gullet.  The  relaxations, 
however,  of  ftimulated  mufcles  do  not  laft  for 
any  confiderable  time,  but  are  quickly  fuc- 
ceeded  by  new  contractions,  becaufe  the  pain¬ 
ful  fenfation  foon  begins  again  to  affeCt  the 
mind  more  ftrongly  :  but  as  the  irritation  be¬ 
comes  gradually  weaker,  thefe  alternate  contra¬ 
ctions  will  not  only  grow  feebler,  but  fucceed 

one 

*  If  any  one  doubts  that  the  difagreeable  fenfation,  ex¬ 
cited  by  the  irritation  of  a  mufcle,  will  be  lefs  fenfibly  per¬ 
ceived  during  its  Contraction,  let  him  confider  that  brutes, 
by  the  motion  of  their  panniculus  carnofus ,  not  only  drive 
off  moft  effectually  flies  and  other  infe£ts  which  vex  them, 
but,  by  the  very  action  of  this  mufcle,  feem  to  be  rendered 
lefs  fenfible  of  the  tickling. — That  fridtion  of  a  part  leffens, 
in  the  mean  time,  any  itching  or  painful  fenfation  in  it.  And 
that  people,  whofe  bodies  are  uneafy,  often  change  poftures, 
becaufe  during  the  motion  of  the  parts  neceflary  to  this 
change  they  are  lefs  fenfible  of  the  uneafinels. 
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One  another  more  flowly  ;  for  while  the  irri¬ 
tation  is  ftrong,  the  mufcle  is  no  fooner  re¬ 
laxed,  than  its  contraction  is  immediately  re¬ 
newed  :  whereas  a  weaker  Jlimulus  requires 
a  longer  time  to  operate,  before  it  caufes  fuch 
an  uneafy  fenfation  as  is  required  to  produce 
a  convulfo/e  contraction  of  the  part.  Thus 
when  the  thorax  of  a  living  animal  is  laid  6- 
pen,  and  the  heart  is  pricked  with  a  fharp 
inftrument,  its  contractions  are  greatly  quick¬ 
ened  ;  nay,  they  return  fo  frequently,  that, 
during  their  remiffion,  very  little  blood  enters 
the  ventricles.  Hence  tile  tides  of  the  heart 
make  very  fmall  motions  at  firft,  nor  are  ever 
fully  dilated,  their  contractions  being  repeat¬ 
ed  almoft  as  foon  as  their  diafiole  begins  ;  but 
when  the  impreffionof  the  Jlimulus  begins  to  be 
weakened  conflderably,  the  contractions  and 
relaxations  of  the  heart  being  performed  more 
flowly,  the  blood  has  time  to  dilate  the  ven¬ 
tricles  more,  whofe  lides,  therefore,  now 
make  larger  and  more  fenfible  motions. 
From  what  has  been  faid,  it  is  eafy  to  fee, 
why,  if  the  blood  be  rendered  acrid,  or  the 
heart  much  more  irritable  than  ufual,  the 
pulfe  becomes  fmall,  fluttering  and  quick. 


While 
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While  therefore  the  voluntary  mufcles, 
which  are  contracted  in  confequence  of  an 
effort  of  the  will,  remain  in  that  ftate  as  long 
as  the  will  continues  to  determine  the  influence 
of  the  nerves  into  their  fibres  ;  irritated  mu¬ 
ffles,  whofe  contraction  is  owing,  not  to  will 
or  choice,  but  to  an  uneafy  fenfation,  are  en¬ 
tirely  regulated  by  this ;  and  as  each  contra¬ 
ction  tends  to  leffen  the  difagreeable  perce¬ 
ption,  they  will  be  agitated  with  alternate  con- 
vulfions. 

Upon  the  whole,  as  nature  never  multiplies 
caufes  in  vain,  it  feems  quite  unphilofophical 
to  afcribe  the  motions  of  the  mufcles  of  ani¬ 
mals  from  a  Jiimulus  to  any  hidden  property 
of  their  fibres,  peculiar  activity  of  the  ner¬ 
vous  fluid,  or  other  unknown  caufe ;  when 
they  are  fo  eafily  and  naturally  accounted  for, 
from  the  power  and  energy  of  a  known  fen- 
tient  principle. 
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SEC  T.  XL 

Of  the  fhare  which  the  mind  has  in  producing 
the  vital  and  other  involuntary  motions  of 
animals . 

THAT  all  the  motions  of  animals  were 
by  fome  of  the  antient  philofophers  a- 

fcribed  to  the  energy  of  a  living  principle 
wholly  diftind:,  as  to  its  nature,  from  the 

body,  the  pafiage  of  Cicero  prefixed  to  this 
EfTay  clearly  friews.  And  it  was  the  difficulty 
of  accounting  for  the  motion  of  the  heart 
from  mechanical  principles  alone,  which 
made  no  lefs  a  Philofopher  among  the  mo¬ 
derns  than  Borelli  doubt,  whether  it  were 
not  rather  owing  to  the  mind,  than  to  any 
natural  neceffity  arifing  from  the  ftrudure  of 
this  organ  or  its  nerves  The  great  Mr* 
Leibnitz ,  in  a  letter  to  Michelloti ,  goes  frill  fur¬ 
ther,  and  luppofes  that  the  natural  motions 
may  be  owing  to  fome  impreffions  made  on 
the  mind,  although  we  are  no  way  confcious 

of 


*  De  motu  animal,  part.  2.  prop.  79.  &  80. 
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of  thefe  *.  It  is  true  Dr.  Stahl,  by  extending 
the  influence  of  the  foul,  as  a  rational  agent, 
over  the  body  a  great  deal  too  far,  and  thus 
carrying  this  dodtrine  beyond  all  reafonable 
bounds,  has  been  the  occafion,  why  it  has 
rather  for  many  years  been  looked  upon 
as  a  fubjed:  of  ridicule,  than  deferving  a  feri- 
ous  and  rational  anfwer.  However,  that  the 
motion  of  the  heart  and  circulation  of  the 
blood,  are  altogether  inexplicable  upon  prin¬ 
ciples  purely  mechanical,  there  are  arguments 
a  priori  which  feem  to  demonftrate  *f*.  But, 
as  this  kind  of  reafoning  is  apt  to  render  us 
too  prefumptuous,  and  frequently  betrays 

us 


*  Michellot.  de  feparatione  fluidor.  p.  351. 

Indeed,  ftridtiy  fpeaking,  it  is  inconfiftent  with  Mr. 
Leibnitz's  principles  to  afcribe  any  of  our  motion  s,  either 
voluntary  or  involuntary,  to  the  mind  ;  fince*  according  to 
his  pre-eftablifhed  harmony,  the  foul  neither  adts  on  the 
body,  nor  is  affedted  by  the  impreffions  of  external  objedts. 
This  ingenious  fable,  however,  which  novelty,  I  fuppofe, 
at  firft  recommended,  has  been  fo  fully  refuted  by  Mr. 
Bayle  and  others,  as  to  make  it  needlefs  for  us  to  attempt 
to  fhew  its  weaknefs  :  but  we  cannot  help  obferving,  that 
jt  is  matter  of  wonder  how  a  dodtrine,  which  explains  no¬ 
thing,  and  is  loaded  with  fo  many  difficulties,  fhould  ft  ill 
have  any  advocates. 

f  See  Edinburgh  Medical  Effays,  vol.  4.  art.  14.  where 
£n  argument  of  this  kind  is  propofed  with  great  ftrength 
^nd  perfpicuity  by  my  ingenious  friend  Dr.  Porterfield . 


268  Of  the  Vital  and 

us  into  error  and  miftakes,  we  {hall  further 
endeavour  to  vindicate  this  opinion  from 
the  moft  plaufible  objections  which  may  be 
brought  againft  it ;  and  at  the  fame  time  (hew 
by  a  variety  of  arguments  a  pofieriori ,  chiefs 
ly  of  the  analogical  kind,  that  the  vital,  as 
well  as  the  other  involuntary  motions  of  ani¬ 
mals,  are  diredtly  owing  to  the  immediate 
energy  of  the  mind  or  fentient  principle. 

The  chief  power  propelling  the  blood 
through  all  the  veffels  of  the  body,  is  the 
contraction  of  the  heart.  But  from  Dr. 
Hales  §  experiments  it  appears,  that,  in  every 
circulation,  the  blood  lofes  T\  of  the  moment 
turn  communicated  to  it  by  the  left  ventricle 
of  the  heart  *  ;  wherefore,  there  muft  be  in 
every  animal  fome  caufe,  which  repairs  this 
iofs  of  motion  arifing  from  friction,  &c.  i.  e, 
a  caufe  generating  motion  :  but,  as  has  been 
pbferved  above,  matter,  in  its  own  nature 
inert,  is  incapable  of  this.  Further,  fuch  a~ 
nimals  as  lie  in  a  dead  inactive  ftate  during 
the  cold  winter-feafon,  and  whofe  blood 
has  loft  all  its  motion,  may  at  any  time  be  re^ 
ftpred  to  life  by  warmth,  which  ratifying 

their 

*  Statical  ElTavs,  vol.  2, 
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their  ftagnating  fluids,  and  communicating 
to  them  a  fmall  degree  of  inteftine  motion, 
excites  the  heart  into  aftion  ;  whole  motion, 
though  it  be  at  firft  very  languid,  yet  gradu¬ 
ally  gains  ftrength,  till  at  lafl:  it  arrives  at  its 
wonted  vigour.  As,  in  this  cafe,  the  renewal 
of  the  heart’s  motion,  and  its  gradual  increafe, 
cannot  be  explained  from  any  mechanical 
principles ;  fince  we  have  not  only  a  caufe 
producing  an  effect  greater  than  itfelf,  but  alfo 
an  effect  increafing  by  degrees,  and,  as  it 

were,  of  its  own  accord  :  it  follows,  that  there 

/  9 

is  in  thefe  animals  fome  living  principle,  which 
being,  by  the  Jlimnlus  of  warmth,  roufed,  as 
we  may  fay,  out  of  a  ftate  of  indolence,  brings 
into  gentle  contractions  the  fmus  venoji^  au¬ 
ricles  and  ventricles  of  the  heart ;  which  are 
parts  of  the  body  moft  fenfible  of  the  irrita¬ 
tion  of  the  fluids  when  rarified  and  agitated 
by  heat. 

The  contraction  of  the  heart,  fo  far  as  it  is 
owing  to  a  material  caufe,  feems  to  proceed 
from  the  derivation  of  the  nervous  influence 
into  its  fibres  :  but  as,  perhaps,  part 

of  the  blood  thrown  out  by  the  left  ventricle 
of  the  heart,  does-  not  return  to  it  again  in 

the 
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the  form  of  vital  fpirits,  as  they  are  called ;  and 
as  the  motion  of  this  fluid  mull  be  incredibly 
diminiflied  by  its  paflage  through  the  vaftly 
fubtile  veflfels  of  the  cerebellum ,  &c>  there  can 
be  no  force  in  thefe  fpirits  derived  from  the 
laft  fyjlole  of  the  heart  fufficient  to  produce  a 
new  contradion  of  this  mufcle,  fince  no  cauft 
can  generate  an  efFed  greater  than  itfelf. 
Again,  The  human  body,  in  which  there 
is  no  mover  that  can  properly  be  called 
first,  or  whofe  motion  depends  not  on  fome-* 
thing  elfe,  is  a  fyftem  far  above  the  power  of 
mechanics .  The  contradion  of  the  heart  is 

indeed  the  caufe  of  the  blood’s  motion,  and 
confequently  of  the  fecretion  of  the  fpirits 
(as  is  fuppofed)  in  the  cerebellum ,  &c.  $  but 
without  thefe  fpirits,  this  adion  of  the  heart 
could  not  be  performed  :  thefe  two  caufes, 
therefore,  truly  ad  in  a  circle,  and  may  be 
confidered  mutually  as  caufe  and  efFed. 
Whence  it  is  incumbent  on  thofe  Philofophers 
who  afcribe  the  heart’s  motion  to  mechanical 
caufes  alone,  to  demonftrate  the  poflibility  of 
a  perpetuum  mobile ,  fince,  as  long  as  life  lafts, 
an  animal  is  really  fuch.  But  as  a  perpetual 
motion  is,  in  the  opinion  of  the  ableft  Phi¬ 
lofophers, 
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lofophers,  above  the  powers  of  mechanifm, 
and  inconfiftent  with  the  known  laws  of  mat¬ 
ter  and  motion  *,  we  muft  be  allowed  to 
conclude,  that  the  contraction  of  the  heart, 
and  the  propulfion  of  the  blood  through  the 
body,  and  confequently  the  continuance  of 
life,  are  not  owing  to  any  mechanical  or  even 
material  caufes  alone,  but  to  the  energy  of  a 
living  principle  capable  of  generating  motion. 

How  far  the  mind  is  really  concerned  in 
the  motion  of  the  heart,  may  eafily  appear 
from  what  has  been  already  offered  in  the 
preceding  Sections  ;  where,  I  hope,  it  has 
been  fhewn,  beyond  all  doubt,  that  the  con¬ 
traction  of  the  heart  is  owing  to  the  return¬ 
ing  venous  blood  aCting  as  a  Jiimulus  upon  it, 
*as  well  as  made  highly  probable,  both  from 
reafon  and  analogy,  that  a  Jlinnilm  excites 
our  mufcles  into  motion,  only  as  they  are  ani¬ 
mated  by  a  fentient  principle.  Whence  it 
muft  follow,  that  the  alternate  contractions 
of  the  heart  are  in  no  other  fenfe  owing  to 
the  irritation  of  the  returning  blood,  than  as 

the 

*  <c  Ex  calculo  mechanico  liquet  omnem  de  motu  per- 
*c  petuo  quaeftionem  eo  redire,  ut  inveniatur  pondus  feipfa 
4C  ponderofius,  vel  vis  elaftica  feipfa  fortior.”  Clarkii  not. 
in  Rohault.  phyfic.  §  1.  cap.  22, 
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the  mind  or  fentient  principle  is,  by  this,  ex¬ 
cited  to  determine  the  influence  of  the  nerves 
more  copioufly  into  its  fibres. 

V 

This  doctrine  of  the  alternate  contraction 
of  the  heart  being  owing  to  the  power  of  the 
mind,  excited  into  action  by  the  fimulus  of 
the  returning  venous  blood  admitted  into  its 
cavities,  is  greatly  ftrengthened  by  the  ac¬ 
count  we  have  given  of  the  alternate  motions 
of  refpiration,  of  the  contractions  of  the  mu- 
fcles  of  the  internal  ear  and  of  the  pupil, 
Thefe  we  have  clearly  fhewn  to  proceed  from 
the  mind,  as  affected  by  a  fimulus ,  and  to  be 
altogether  inexplicable  upon  principles  mere¬ 
ly  mechanical.  The  firft  of  thefe  motions 
(viz.  refpiration)  agrees  with  that  of  the  heart, 
in  being  performed  whether  we  attend  to  it 
or  no,  and  whether  we  fieep  or  are  awake ; 
though  it  differs  from  the  heart’s  motion,  in 
being  partly  under  the  dominion  of  the  wilh 
The  motions  of  the  iris  from  light,  and  of 
the  mufcles  of  the  ear  from  various  founds, 
differ  from  thofe  of,  the  heart,  both  as  they 
are  not  vital,  nor  continually  and  alternately 
excited  by  caufes  within  the  body,  but  owing 
to  external  caufes  adting  at  particular  times 

on 
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on  the  organs  of  fight  and  hearing :  thefe 
mufcles,  however,  exactly  agree  with  the 
heart  in  this,  that  their  motions  are  altoge¬ 
ther  involuntary,  and  cannot  be  controuled 
by  any  immediate  effort  of  the  will.  Since 
then,  in  the  mufcles  of  refpiration,  we  have 
an  inftance  of  a  vital,  though  not  altogether 
involuntary  motion,  proceeding  from  the 
mind  ;  and,  in  the  mufcles  of  the  uvea  and 
ear,  examples  of  motions,  which,  though 
not  vital,  are  yet  wholly  iiivoluntary,  owing 
to  the  fame  caufe ;  may  we  not,  if  it  be  in 
the  leaft  allowable  to  argue  from  analogy, 
fafely  conclude,  that  the  contraction  of  the 
heart,  which  is  both  vital  and  involuntary,  is 
ultimately  to  be  referred  to  the  fentient  prin¬ 
ciple  excited  to  put  this  mufcle  in  motion  by 
the  irritation  of  a  material  caufe  aCting  upon 
it  alternately  ?  What  has  been  laid  of  the 
motion  of  the  heart,  as  proceeding  from  the 
mind,  is  equally  applicable  to  the  periftaltic 
motion  of  the  ftomach  and  inteftines,  and  to 

1 

the  reft  of  the  vital  or  involuntary  motions. 

Although  what  has  been  already  offer¬ 
ed,  might  be  fufficient  to  fhew,  that  all  the 

M  m  motions' 
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motions  of  animals,  involuntary  as  well  as 
voluntary,  are  fome  way  owing  to  the  mind  ; 
yet  as  this  dodtrine  may  appear  to  fome,  who 
have  always  been  ufed  to  think  in  a  different 
way,  as  befet  with  many  difficulties ;  and 
as  there  may  not  be  wanting  thofe,  who  are 
unhappily  more  tenacious  of  received  opi¬ 
nions  than  willing  to  embrace  fuch  as  are 
true ;  we  fhall  briefly  obviate  fome  of  the 
ftrongeft  objedtions,  which,  at  firfc  fight, 
feem  to  lie  againft  it  •  and  this  we  fhall  do 
the  more  willingly,  as  an  opportunity  will 
hence  be  afforded  us  of  illuftrating,  ftill  fur¬ 
ther,  the  nature  and  caufe  of  the  involuntary 
motions  of  animals. 

Objection  L  It  may  be  faid,  that,  while 
we  afcribe  the  vital  and  other  involuntary  mo¬ 
tions  of  animals  to  the  mind,  we,  in  fadt, 
attribute  them  to  a  power,  whofe  nature  and 
manner  of  adting  we  are  ignorant  of 

Anfwer .  That  there  is  united  to  the  bo¬ 
dies  of  men  and  animals  an  adtive,  living, 
fentient  principle,  which  is  the  caufe  of  vo¬ 
luntary  motion,  it  may  be  hoped  there  are- 
few  Philofophers,  now  a-days,  fo  minute 

as 

*  Senac  Traite  du  coeur,  voL  i.  p.  441.  ^445, 
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as  to  deny  :  and,  if  it  be  thought  no  abfurdi- 
ty  to  afcribe  voluntary  motion  to  the  energy 
of  the  mind,  though  we  do  not  underftand 
its  nature  or  manner  of  operation,  why  fhould 
it  be  reckoned  fuch,  to  derive  the  vital  and  o- 
ther  involuntary  motions  from  the  fame  fource; 
efpecially,  when  a  variety  of  phenomena  and 
the  ftrongeft  analogy  concur  in  fupporting 
this  opinion  ?  That  there  is  fuch  a  thing  as 
gravity,  or  attraction  betwixt  the  parts  ,of 
matter,  is  a  thing  not  to  be  doubted  of,  be¬ 
came  we  fee  its  effeCts,  though  its  caufe  be 
unknown  :  and,  if  Philofophers  make  ufe  of 
this  power  everyday,  with  the  greateft  juftice, 
in  order  to  explain  the  phenomena  of  nature, 
why  fhould  it  not  be  thought  equally  reafon- 
able  to  have  recourfe,  in  accounting  for  the 
motions  and  aCtions  of  an  animated  body,  to 
the  power  and  energy  of  the  mind,  which 
we  are  fure  is  always  prefent  with  it,  and  in 
numberlefs  inftances  operates  upon  it  ?  In  an 
attempt  to  account  for  the  furprifing  operati¬ 
ons  and  effedts  of  an  inanimate  machine,  it 
would  be  thought  highly  ridiculous  to  have 
recourfe  to  the  agency  of  an  immaterial  living 

principle :  and  muft  it  not  be  equally  fo,  to 

banifh 
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banifh  the  confideration  of  mind  in  explaining 
the  phenomena  of  an  animated  fyftem ;  or  to 
endeavour  to  deduce  its  moft  remarkable  mo¬ 
tions  from  the  mere  material  part  ? 

There  is  no  need  of  underftanding  the 
nature  of  the  foul,  or  the  way  in  which  it 
a£ts  upon  the  body,  in  order  to  know  that  the 
yital  motions  are  owing  to  it :  it  is  fufficient, 
if  we  know  from  experience,  that  it  feels,  is 
endued  with  fenfation,  and  has  a  power  of 
moving  the  body  * . 

Every  attempt  hitherto  made  towards  de¬ 
ducing  the  vital  motions  of  animals  from 
powers  wholly  material,  has  been  unfatisfa- 
dtory;  and,  I  may  venture  to  lay,  will  be  for 
ever  vain  :  lince  it  has  not  only  been  proved, 
that  they  are  above  the  force  of  mechanifm, 
but  alfo  that  the  fuppolition  of  any  mere  ma¬ 
terial 

*  The  reader  will  eafily  perceive,  that  the  obje&ion  a- 
gainft  deriving  the  vital  motions  from  the  mind,  becauf| 
We  are  not  fully  apprifed  of  its  nature  and  manner  of  add¬ 
ing,  may  be  retorted  with  double  ftrength  upon  thofe,  who 
afcribe  the  contraction  of  the  heart  to  fome  latent  power 
in  it,  or  to  the  ofciilations  of  an  unknown  fluid  fuppofed 
to  be  lodged  in  its  fibres  and  nerves  *. 

1  t  / 


*  $otac  traite  du  coeur,  vol.  1.  p.  434.  &  452,. 
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terial  power’s  being  their  caufe,  is  by  no  means 
fuitable  to  the  phce?2omena  we  obferve.  Nor 
can  I  conceive  the  reafon  whyphyficians  have 
laboured  fo  long  in  accounting  for  the  a&ion 
of  the  heart  and  other  vital  motions  of  ani¬ 
mals,  from  the  powers  and  properties  of  body 
independent  of  mind  :  if  it  be  not,  that  in 
fome,  the  leaven  of  Cartefianifm  ftili  conti¬ 
nues  to  work  ;  in  others,  a  too  great  fondnefs 
for  mechanical  reafoning  inPhyfiological  mat¬ 
ters  ;  and  in  both,  a  contempt  of  the  extra¬ 
vagant  flights,  of  Stahl  and  his  followers,  with 
regard  to  the  manner  in  which  the  mind  re¬ 
gulates  all  the  adtions  of  the  body 

Many 

*  I  have  not  met  with  any  author,  who  has  embraced 
the  Stahlian  dodfrine  with  lefs  referve,  or  carried  it 
to  a  more  furprifmg  height,  than  Dr.  Nicholls ,  in  his  ele¬ 
gant  Praeledfion  de  Anima  medica.  According  to  him,  the 
foul  at  firfl:  forms  the  body,  and  governs  it  ever  after,  car¬ 
rying  on  and  regulating  all  its  vital  and  natural  motions ; 
diftributing  the  fluids  with  greater  or  lefs  force  to  its  feveral 
parts,  and  exciting  in  them,  from  time  to  time,  fuch  com¬ 
motions  and  changes,  as  fhe  fees  moft  proper  for  removing 

their  various  diforders. - He  afcribes  it  to  the  prudence  of 

the  foul,  that  the  Yemen  is  not  perfected  in  males,  till  the 
body  hath  acquired  flrength  and  vigour  fufficient  for  the 
work  of  generation :  and  he  finds  a  wonderful  inflance  of 
her  fagacity,  in  the  flow  and  gradual  eruption  of  the  fmall- 
pox ;  as  the  force  of  the  difeafe  is  hence  divided,  and  its 

danger  greatly  leflened. - When  the  body  is  difordered, 

or 
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Many  Philofophers  have  fuppofed  two  dif- 
tinft  principles  in  man ;  one  of  which  has 
been  called  the  anima ,  or  foul ;  the  other,  the 
animus ,  or  mind  :  by  the  former,  they  under¬ 
lie  od 

or  exhauded  with  fatigue,  the  foul  frequently  hides  her- 
felf  in  deep,  and  retires  from  external  things,  in  order 
that  fhe  may  be  more  at  leifure  to  recruit  the  body,  or  to 
rectify  what  has  happened  amifs  in  it ;  and  hence  the 
inclination  to  deep  after  child-bearing  :  hence,  alfo,  the 
frequent  deeping  of  infants  ;  whofe  anima ,  it  feems,  is  fo 
taken  up  with  directing  and  governing  the  vital  moti¬ 
ons,  that  it  has  little  time  to  attend  to  any  thing  elfe, - 

The  foul,  however,  feems  to  negledt,  in  a  great  meafure, 
this  province,  as  often  as  fhe  is  too  much  diffracted  with  ex¬ 
ternal  things ;  and  hence  it  is,  that  health  is  fo  much  im¬ 
paired  by  fear,  borrow,  love,  and  other  more  violent  paf- 
fions :  nor  is  fhe  without  her  wilful  and  froward  fits  ;  as 
appears  from  her  fending  the  milk  back  into  the  blood  from 
the  breads  of  pregnant  women,  whofe  feetufes  die  had 
only  fancied  were  fuddenly  dead,  and  from  her  not  deri¬ 
ving  into  them  again  thofe  nourifhing  dreams,  when  living 
children  are  really  born  ;  as  if,  for  her  part,  fhe  had  rather 
they  were  darved,  than  that  fhe  herfelf  fhould  feem  to  have 

been  under  midakes. - In  fevers,  the  fudden  failing  of  the 

drength  and  pulfe  ought,  we  are  told,  to  be  regarded  by 
us  as  figns  of  the  defpairing  foul’s  difeontinuing  her  care 
of  the  body,  and  being  foon  about  to  relinquifh  it :  nay, 
feme  times,  like  a  mean  and  filly  coward,  die  finks  even 
under  luch  difeafes,  as,  in  their  own  nature,  are  not  at  all 
deadly  ;  and,  through  fade  alarms,  fhe  is  either  thrown  in¬ 
to  a  great  hurry  and  trepidation,  which  urges  her  to  make 
wild  work  of  it,  and  to  do  much  mifehief ;  or  elfe  fhe  be¬ 
comes  very  backward  and  remifs  in  her  endeavours  to  pre- 
ferve  the  body,  and,  as  if  it  were  a  field  not  wmrth  keep¬ 
ing,  foolifhly  deferts  it :  though,  were  die  but  always  wife 

enough > 
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ftood  the  principle  of  life  and  fenfe  influen¬ 
cing  the  vital  motions  5  and  by  the  latter,  the 
feat  of  reafon  or  intelligence.  According  to 
them,  we  have  the  anima ,  or  vital  and  fen- 

tient 

enough,  and,  neglecting  things  of  lefs  moment,  were  folely 
intent  on  the  preservation  of  the  body,  flic  could,  if  we  may 
believe  the  Doctor,  not  only  prevent  difeafes,  as  far,  at  leaft, 
as  they  proceed  from  internal  caufes,  but  protract  alfo  the 
life  of  man,  it  may  be,  to  a  thoufand  years  :  a  term 
greatly  beyond  what  the  Adepts  promifed  themfelves 
from  their  aurrnn  potabile^  or  universal  remedy  ! 

But,  as  this  account  of  the  agency  of  the  foul,  and  of 
its  power  over  the  body,  fcarcely  feems  to  demand  a  feri- 
ous  anfwer,  I  (hall  only  obferve,  that  to  imagine  the  foul 
fhould,  with  the  wifeft  views  and  in  the  moft  fkilful  man¬ 
ner,  at  firft  form  the  body,  (a  work  far  above  the  utrnofl 
efforts  of  human  art  and  contrivance  !  ),  and  afterwards* 
when  it  is  difordered,  fhould,  with  the  fame  (kill  and  wif- 
dom,  often  remedy  the  evil,  and  reftore  it  to  a  found  ffate  ; 
but  finding  it  in  the  end,  or  fometimes  fufpedting  it  only, 
to  be  no  longer  tenable  or  comfortable,  fhould,  inftead  of 
repairing,  either  whimfically  or  wifely  defert  it :  to  con¬ 
ceive,  I  fay,  of  the  foul  as  performing  all  this,  without,  in 
the  mean  time,  being  confcious  of  fuch  intentions,  or  of 
the  exertions  of  its  power  in  purfuance  of  them,  is  at  leaf! 
as  great  a  ftretch  of  fancy,  as  to  fuppofe,  that  an  able  ar¬ 
chitect  might  raife  a  ffately  edifice,  in  which  nothing  fhould 
be  wanting  that  could  contribute  either  to  its  ufefulnefs  or 
ornament;  that  he  might  frequently  make  good  fuch  da¬ 
mages  as  it  fuftains  from  the  weather,  or  from  the  decay 
of  any  of  its  materials ;  and  at  laft,  apprehending  it  to  be 
in  danger  of  falling,  might  abandon  it;  without  being  at 
all  aware  of  ever  having  once  exercifed,  either  his  (kill  in 
contriving,  erecting,  and  repairing  it,  or  his  prudence  in 
quitting  it,  when,  as  he  thought,  it  was  ready  to  bury  hir»’ 
in  its  ruins. 
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dent  foul,  in  common  with  the  brutes ;  but 
the  animus ,  or  mens ,  which  is  of  a  more  ex¬ 
alted  nature,  is  proper  to  rational  creatures 
alone 

Some  modern  Materialifts  have  imagined 
the  anima  to  be  no  other  than  a  more  fubtile 
kind  of  matter  lodged,  chiefly,  in  the  brairi 
and  nerves,  and  circulating  with  the  grolTer 
fluids.  But  fuch  fpirits,  or  fubtile  matter,  can 
no  more  be  acknowledged  the  vital  principle 
or  fource  of  animal  life,  than  the  blood  from 
which  they  are  derived  ;  and  ftill  with  lefs 
reafon  can  this  material  anima  be  fuppofed  en¬ 
dued  with  fenfe,  fince  matter,  of  itfelf,  and 
una&uated  by  any  higher  principle,  is  equal¬ 
ly  as  incapable  of  fenfe  or  perception,  plea- 
fure  or  pain,  as  it  is  of  felf-motion.  Indeed, 
a  few  authors  have  run  even  fuch  lengths*  as 
to  fuppofe  the  very  animus ,  or  rational  foul 
itfelf,  material :  but  furely  the  powers  and 
faculties  of  the  mind  are  not  to  be  found  in 
matter,  or  in  any  of  thofe  principles,  or  ele¬ 
ments,  whereof  either  the  antients  or  mo¬ 
derns 

* — —Indulfit  communis  conditor  illis 
'Ternium  anlmas ,  nobis  animum  quoque . 

Juvenal.  Sat.  15.  lin.  148.  &  149. 
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derns  have  imagined  it  to  confift  :  fire  itfelfi 
the  moft  fubtile  and  adtive  among  thefe,  be¬ 
ing  as  incapable  of  thought  and  reflexion,  as 
water  or  earth,  the  moft  fluggifh  *:  and  in 
what  manner  felf-motion,  feme  or  reafon  can 
pofiibly  refiilt  from  the  figure,  connexion,  Ac¬ 
tuation  or  arrangement  of  the  various  parts 
of  the  body,  (without  fuppofing  a  mind)  is 
a  point  which  the  abettors  of  Materialifm,  to 
their  confufion,  will  never  be  able  to  clear  up 
As  I  cannot  therefore  agree  with  thofe,  who, 
in  afcribing  all  our  powers  to  mere  matter, 
feem  willing  to  deprive  us  wholly  of  inind; 
fo  neither,  at  the  fame  time,  do  I  fee  any  rea¬ 
fon  for  multiplying  principles  of  this  kind  in 
man :  and,  therefore,  I  am  inclined  to  think  the 

N  n  anima 

*  cc  Animofum  nulla  in  terris  origo  inveniri  poteft. 
fic  Nihil  enim  eft  in  animismixtum  atque  concretum,  aut 
<c  quod  ex  terra  natum  atque  ftfturn  efte  videatur:  nihil 
ec  ne  aut  humidum  quidem,  aut  Habile  aut  igneum.  His 

enim  in  natutis  nihil  ineft,  quod  vim  memoriae,  men- 
*6  tis,  cogitationis  habeat,  quod  et  praeterita  teneat,  et 
<c  futura  provideat,  et  comple&i  polfit  praefentia”.  Ci~ 
cero  in  Tufculan.  difput.  lib.  i. 

See  alfo,  in  proof  of  the  immateriality  of  the  foul. 
Dr.  Sam.  Clarke's  defences  of  his  letter  to  Mr.  Dodwell, 
where  Perfpicuity,  Metaphyfics,  and  found  Philofophy, 
are  happily  united. 

f  “  Membrorum  verb  fltus  et  figura  corporis,  vacans 
<c  animo,  quam  poiTit  harmoniam  efficere  non  video' h 
Ciceron .  Tufculan.  difput.  lib.  1. 
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anima  and  animus ,  as  they  have  been  termed, 
or  the  fentient  and  rational  foul,  to  be  only 
one  and  the  fame  principle  adting  in  different 
capacities.  Nay,  Epicurus  himfelf,  according 
to  Lucretius ,  did  not  look  upon  thefe  two  as  fe~ 
parate  beings,  but  regarded  the  mind  as  a  kind 
of  mouvement  produced  by  the  anima  or  foul 
That  the  involuntary  motions  in  man  are 
not  owing  to  a  principle  diftindt  from  the  ra¬ 
tional  mind,  feems  evident,  from  the  mufcles 
and  organs,  whofe  adtion  has  been  generally 
afcribed  to  the  animay  being,  in  many  cafes, 
fubjedt  to  the  power  of  the  animus  or  rational 
principle  5  as  well  as,  on  the  other  hand,  from 
the  motions  of  the  voluntary  mufcles  often 
becoming  involuntary,  or  independent  upon 
the  will.  Thus  the  diaphragm,  whofe  mo¬ 
tions  in  the  hiccup  are  altogether  involuntary, 
and  in  ordinary  refpiratidn  go  on  without  our 
confcioufnefs  of  them,  is  neverthelefs  fubjedt 
to  the  immediate  influence  and  direction  of 
the  mind 3  fince  its  motions  in  breathing  can, 
by  an  effort  of  the  will,  either  be  augmented 

1  or 

*  Nunc  animum  atque  an  imam  dico  conjunct  a  tencrl 
Inter  fey  atque  unam  naturam  conficere  ex  fe. 

Lucret.  lib.  3,  verf.  137.  Sc  338. 
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evacuation  of  the  intejlinum  re  Bum  and  uri¬ 
nary  bladder,  which,  when  the  Jiimulus  is 
gentle,  is  in  part  voluntary,  becomes  alto¬ 
gether  involuntary  and  convullive,  when  the 
irritation  is  greater. — The  eye-lids,  which  the 
mind  feerns  to  have  a  full  power  over,  move, 
commonly,  not  only  without  our  attention 
but,  in  fome  cafes,  even  againft  every  effort 
of  the  will  to  the  contrary. — The  adtion  of 
the  accelerateres  urince  is  voluntary  in  expel¬ 
ling  the  laft  drops  of  urine;  but  in  expelling 
the  femen ,  it  is  involuntary. — The  contraction 
of  the  pupil,  which,  in  order  to  diftindt  visi¬ 
on,  is  voluntary,  becomes  altogether  involun¬ 
tary  when  owing  to  the  light.  In  Short, 
there  is  not  a  voluntary  mufcle  in  the  body, 
whofe  motion  does  not  become  involuntary,  as 
often  as  it  is  either  diredtly,  or  from  its  con- 
fent  with  fome  neighbouring  part,  affedted 
by  any  considerable  Jiimulus :  if  the  irritation 
be  very  gentle,  we  Still  retain  a  greater  or 
lefs  power  over  the  mufcle ;  but  when  it  be¬ 
comes  Stronger,  we  lofe  all  this  power. 

Further,  in  man  the  fentient  and  rational 
principle  muSl  be  acknowledged  to  be  one ; 

Since 
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fince  we  are  all  confcious  that  what  feels,, 
reafons,  and  exerts  itfelf  in  moving  the  body, 
is  one  and  the  fame,  and  not  diftindt  beings. 
It  is  the  mind,  therefore,  that  feels,  thinks,  re¬ 
members  and  reafons ;  which,  though  one 
principle,  is  neverthelefs  pofleflfed  of  thefe  dif¬ 
ferent  powers,  and  adts  in  thefe  different  ca¬ 
pacities  :  nay,  fince  memory  is  as  widely  dif¬ 
ferent  from  the  prefent  perception  of  ideas,  or 
the  exertion  of  the  will  in  order  to  adtion,  as 
fenfe  is  from  reafon,  it  might  with  equal 
propriety  be  maintained,  that  we  are  endued 
with  four  fouls,  namely,  with  a  rational,  a 
reminifcent,  an  adtive,  and  a  fentient  one,  as 
that  we  have  two.  In  brutes  of  the  loweft 
kind  there  is  evidently  a  fentient  principle  5  but 
it  feems  to  be  wholly  devoid  qf  reafon  or  intel¬ 
ligence  :  in  tliofe,  however,  of  a  higher  clafs, 
we  can  perceive  faint  traces  of  fomething 
like  what  we  call  reafon  and  reflexion  in  man. 
Why,  therefore,  may  not  the  human  mind, 
which  enjoys  all  the  powers  belonging  to  the 
fouls  of  the  inferior  creatures,  and  has  alfo 
reafon  fuperadded  to  thofe  powers,  be  allowr 
pd  fometimes  to  adt  as  a  fentient,  and  at  other 


times 
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times  as  a  rational  being,  i.  e .  in  different  ca¬ 
pacities  ? 

But,  if  any  one  yet  contends,  that  the  fen- 
tient  principle,  governing  the  vital  motions, 
is  different  from  the  rational,  I  fhall  not  think 
it  much  worth  while  to  difpute  the  matter 
with  him :  lince  whatever  is  advanced,  in 
the  prefent  Essay,  upon  the  fubjedt  of  the 
involuntary  motions  of  animals,  will  hold 
equally  true,  whether  the  fentient  and  ra¬ 
tional  foul  be  fuppofed  diffindt,  or  otherwife. 

However,  although  w.e  conceive  it  to  be 
the  moll:  probable  opinion,  that  the  fentient 
and  rational  principle  in  man  are  one  and  the 
fame  5  yet  we  think  it  a  very  clear  point,  that 
the  mind  does  not,  as  Dr,  Stahl  and  others 
would  perfuade  us,  prelide  over,  regulate, 
and  continue  the  vital  motions,  or,  upon  ex¬ 
traordinary  occalions,  exert  its  power  in  re¬ 
doubling  them,  from  any  rational  views,  or 
from  a  confcioufnefs  that  the  body’s  welfare 
demands  her  care  in  thefe  particulars :  for 
infants,  ideots,  and  brutes  of  the  lowed:  kind, 
(which  laft  are  certainly  deftitute  of  reafon), 
perform  thefe  motions  in  as  perfedt  a  manner 
as  the  wifeft  Pfulofopher  5  and  the  mind, 

when 
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when  life  is  endangered  by  the  too  violent  cir¬ 
culation  of  the  blood,  neither  does,  nor  can 
moderate  the  heart’s  motion.  If  the  contraction 
of  the  heart  were  owing  to  any  previous  de¬ 
duction  of  reafon,  or  conviction  of  its  being 
neceffary  to  the  continuance  of  health  or  life, 
the  mind  ought  to  have  a  power  of  retrain¬ 
ing  the  uniform  motions  of  its  auricles  and 
ventricles,  or  of  repeating  them  at  fhorter  or 
longer  intervals,  notwithstanding  their  ha¬ 
ving  become,  like  thofe  of  the  eyes,  in  a  man¬ 
ner  neceflary  through  long  habit ;  for  though 
we  cannot,  indeed,  move  our  eyes  in  every 
different  direction,  yet  we  can  retrain  or 
vary  their  uniform  motions  as  we  pleafe. 

Further,  if  there  were  any  exercife  of 
reafon  neceffary  to  the  continuance  of  the  vi- 
tal  motions,  the  mind  certainly  ought  to  be 
ponfcious  of  this;  fince,  in  every  ratiocination 
refp^eCting  aCtion,  there  mut  firt  be  a  com¬ 
panion  of  things,  and  then,  in  confequence 
of  this  comparifon,  a  preference  or  election  : 
but,  I  believe,  few  Philofophers  will  be  found 
hardy  enough  to  maintain,  that  the  mind  can 
compare  two,  or  more  ideas,  and  thence  form 
certain  concluficns  and  determinations,  with¬ 
out 
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cut  being  fo  much  as  confcious,  in  any  degree, 
of  what  it  has  been  all  the  while  employed 
about :  for  though,  when  we  are  folicitoufly 
engaged  in  any  adtion,  deeply  involved  in  any 
thought,  or  ftrongly  hurried  away  by  any  paf- 
fion,  we  may  often  be  unconfcious  of  the  im- 
preffions  made  by  material  caufes  on  the  or¬ 
gans  of  fenfe  yet  we  cannot  but  be  fenfible 
of  the  ideas  formed  within  us  by  the  internal 
operation  of  our  minds,  becaufe  their  very  ex- 
iftence  depends  upon  our  being  confcious  of 
them,  and  is  at  an  end,  as  foon  as  either  we 
attend  not  to,  or  forget  them :  to  fay  there¬ 
fore  that  fuch  ideas  may  be  formed  and  exilt 
in  the  mind  without  confcioufnefs,  is,  in  ef- 
fedh,  to  fay  that  they  may,  and  may  not  exift  at 
the  fame  time;  than  which  nothing  can  be 
-more  abfurd. 

Further, 

*  To  avoid  all  metaphyfical  difputes  about  different  de- 
grees  of  confcioufnefs ;  I  defire  it  maybe  underftood,  that 
here  and  in  other  parts  of  this  Effay,  when  I  fay  we  are 
hot  confcious  of  certain  impreHions  made  on  the  mind  by 
the  action  of  material  caufes  on  the  organs  of  the  body, 
I  mean  no  more,  than  that  we  have  no  fuch  confcioufnefs 
or  perception  of  them,  as  either  convinces  us  of  their  ex¬ 
igence  when  prefent,  or  enables  us,  by  the  help  of  me¬ 
mory,  tq  recall  them  when  pad. 
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Further,  the  motions  excited  by  any  pain; 
or  irritation,  are  fo  inftantaneous,  that  there 
can  be  no  time  for  the  exercife  of  reafon,  or 
a  comparifon  of  ideas  in  order  to  their  per¬ 
formance  ;  but  they  feem  to  follow  as  a  necef¬ 
fary  and  immediate  confequence  of  the  difa™ 
greeable  perception.  And  as  the  DEiTYfeems 
to  have  implanted  in  our  minds  a  kind  of  se  nse 
refpeding  Morals l  whence  we  approve  of 
forne  actions,  and  difapprove  of  others,  almoft 
inftantly,  and  without  any  previous  reafoning 
about  their  fitnefs  or  unfitnefs  5  a  faculty 
of  lingular  ufe;  if  not  abfolutely  neceffary 
for  fecuring  the  interefts  of  virtue  among  fuch 
Creatures  as  men  !  fo,  methinks,  the  analo¬ 
gy  will  appear  very  eafy  and  natural,  if  we 
fuppofe  our  minds  fo  forflied  and  connected 
with  our  bodies,  as  that,  in  confequence  of  a 
jlimuliis  affecting  any  organ,  or  of  an  uneafy 
perception  in  it,  they  fhall  immediately  excite 
fuch  motions  in  this  or  that  organ,  or  part  of 
the  body,  as  may  be  moft  proper  to  remove 
the  irritating  caufe;  and  this,  without  any  pre¬ 
vious  rational  conviftion  of  fuch  motions  be¬ 
ing  neceffary  or  conducive  to  this.  end.  Hence, 
men  do  not  eat,  drink,  or  propagate  their 

kind. 
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kind,  from  deliberate  views  of  preferving 
themfelves  or  their  fpecies,  but  merely  in  com 
fequenee  of  the  uneafy  fenfations  of  hunger, 
third;  &c . 

The  mind,  therefore,  in  producing  the  vi- 
tal  and  other  involuntary  motions,  does  not 
aft  as  a  rational,  but  as  a  fentient  principle; 
which,  without  reafoning  upon  the  matter, 
is  as  neceffarily  determined  by  an  ungrateful 
fenfation  or  jlimulus  affefting  the  organs,  to 
exert  its  power,  in  bringing  about  thefe  moti- 
ons,  as  is  a  balance,  while,  from  mechani¬ 
cal  laws,  it  preponderates  to  that  fide  where 
the  greateft  weight  prevails. 

The  general  and  wife  intention  of  all  the 
involuntary  motions,  is  the  removal  of  every¬ 
thing  that  irritates,  difturbs,  or  hurts  the  bo¬ 
dy :  hence,  thofe  violent  motions  of  the  heart, 
in  the  beginning  of  fevers,  fmall-pox,  mea¬ 
lies,  &c,  when  frequently  the  blood,  from 
its  being  affefted  by  the  mixture  of  fome  pe¬ 
culiar  miafma ,  afts  as  a  ftronger  jlimulus  than 
ufual  upon  this  organ.  Neverthelefs,  as,  in 
many  inftances,  the  very  beft  things  may,  by 
excefs,  become  hurtful;  fo  this  endeavour  to 
free  the  body,  or  any  of  its  parts,  from  what 

O  o  '  is 
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is  noxious,  is  unhappily,  fometimes,  fo  ftrong 
and  vehement,  as  to  threaten  the  entire  deftru- 
Ction  of  the  animal  fabric.  But,  in  the  main, 
this  faculty  mu  ft  be  confefled  highly  ufe- 
ful  and  beneficial  ;  fince,  without  it,  we  fhould 
conftantly  have  cherifhed  in  our  bodies  the 
lurking  principles  of  difeafes,  flowly  indeed 
and  by  imperceptible  degrees,  but  not  lefs  fure- 
ly,  ruining  our  health  and  conftitutions. 

Upon  the  whole,  there  feems  to  be  in  man 
one  fentient  and  intelligent  principle,  which 
is  equally  the  fource  of  life,  fenfe  and  moti¬ 
on,  as  of  reafon  ;  and  which,  from  the  law 
of  its  union  with  the  body,  exerts  more  or 
lefs  of  its  power  and  influence,  as  the  differ¬ 
ent  circumftances  of  the  feveral  organs  actu¬ 
ated  by  it  may  require.  That  this  principle 
operates  upon  the  body,  by  the  intervention  of 
fomething  in  the  brain  or  nerves,  is,  I  think, 
likewife  probable  ;  though,  as  to  its  particu¬ 
lar  nature,  I  prefume  not  to  allow  myfelf  in 
any  uncertain  conjectures ;  but,  perhaps,  by 
means  of  this  connecting  medium ,  the  various 
impreflions,  made  on  the  feveral  parts  of  the 
body  either  by  external  or  internal  caufes, 
are  tranfmitted  to,  and  perceived  by  the  mind; 


m 


other  Involuntary  Motions.  291 

in  confequence  of  which  it  may  determine 
the  nervous  influence  varioufly  into  different 
organs,  and  fo  become  the  caufe  of  all  the 
vital  and  involuntary  motions,  as  well  as  of 
the  animal  and  voluntary.  It  feems  to  aft  ne- 
ceffarily,  and  as  a  fentient  principle  only,  when 
its  power  is  exerted  in  caufing  the  former; 
but,  in  producing  the  latter,  it  afts  freely,  and 
both  as  a  fentient  and  rational  agent. 

The  bodies  of  brute  animals  are  actuated 
by  a  principle  of  a  like  kind  with  what  is 
placed  in  man,  but  greatly  inferior  with  re¬ 
gard  to  the  degrees  of  reafon  and  intelligence 
which  it  pofleflfes  :  in  the  more  perfect  brutes, 
this  principle  is  plainly  intelligent  as  well  as 
fentient ;  and  their  adtions  fo  evidently  fhew 
them  to  be  endued,  not  only  with  a  ftrong  me¬ 
mory,  but  with  reflexion  and  fome  degrees  of 
reafon,  that  it  is  really  wonderful  to  find  Def* 
cartes  and  his  difciples  fo  far  impofing  upon 
themfelves,  as  ferioufly  to  believe  thefe  were 
machines  formed  entirely  of  matter,  and,  as 
it  were,  fo  many  curious  pieces  of  clock-work 
wound  up  and  fet  a-going.  Nor  is  it  lefs  fur- 
prifing  that  the  generality  of  Theological  wri¬ 
ters  fhould,  till  of  late,  have  been  fo  far 

miflaken 
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miftaken  in  this  matter,  as  not  to  have  per¬ 
ceived,  that,  after  once  admitting  all  the  adtions 
of  the  moil  perfedt  brutes  to  refult  from  mere 
mechanifm,  the  afcribing  every  thing  in  man 
to  no  higher  a  principle,  would  be  a  natural 
and  eafy  confequence. 

In  the  inferior  orders  of  brutes  the  appear¬ 
ances  of  reafon  and  reflexion  are  more  obfcure; 
and,  in  the  lowefc  fpecies  of  animals,  there 
are  no  marks  of  intelligence,  nor  do  we  ob- 
ferve  them  to  differ  otherwife  from  vegetables, 
than  as  they  are  endued  with  fome  degree  of 
fenfation  and  felt-motion  9 

Obj.  II.  It  may  be  alledged,  that  the  vital 
^notions  cannot  be  owing  to  a  fimulus  affedfing 
the  fentient  principle,  in  the  manner  above 
explained,  fince  we  are  not  confcious  of  any 
fuch  thing. 

Anfwer .  This  may  either  be  owing  to  the 
gentlenefs  of  the  irritation,  or  to  our  having 
been  long  accuftomed  to  it,  perhaps  from  the 
beginning  of  our  lives. 

«  We  all  know,  that  fuch  ideas  as  but 

flight  ly 
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fiightly  affetl  us,  and  foon  give  place  to  fuc- 
ceeding  ones,  are  quickly  forgot ;  nay,  that 
imprefiions,  which  are  very  faint  in  them- 
felves,  or  loft  amidft  far  ftronger  ones,  are 
frequently  neither  attended  with  confciouf- 
nefs  when  prefent,  nor  remembered  when 
paft.  In  walking  the  ftreets,  how  many  per- 
fons  of  one’s  acquaintance  are  every  minute 
prefented  to  the  mind,  as  their  pictures  are 
painted  on  the  retina ;  yet  if  we  be  alone, 
having  our  thoughts  ftrongly  turned  upon  a 
particular  fubje£t,  or  elfe  be  deeply  enga¬ 
ged  in  convention  with  a  friend,  we  are  often 
not  confcious  of  the  prefence  of  thefe  people 
when  before  our  eyes,  nor  remember  their  ha¬ 
ving  been  fo,  when  they  have  left  us. — If  we 
turn  our  eyes  towards  the  azure  fky  at  noon¬ 
day,  we  cannot,  by  the  utmoft  attention,  ob- 
ferve  any  of  the  ftars ;  and  yet  it  is  certain,  that, 
at  that  time,  there  are  images  of  every  ftar  in 
the  vifible  hemifphere  formed  upon  the  bot¬ 
tom  of  our  eyes :  for  the  ftellar  light  muft 
run  through  the  fame  torrent  of  fun-beams 

to  reach  us  in  the  night  as  in  the  day,  allow¬ 
ance 
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ance  being  only  made  for  the  inconfiderable 
depth  of  the  earth’s  atmofphere 

The  fenfation  ariiing  from  the  impetuous 
courfe  of  the  blood  through  the  pulmonary 
veflels,  is,  ufually,  fo  very  flight,  as  not  to 

be 

*  In  this  particular  cafe,  we  muft  either  fuppofe,  that  the 
impreffions,  made  by  the  ftars  on  the  retina ,  are  fuftocated 
and  loft  in  thofe  ftronger  ones  made  by  the  illuminated 
atmofphere,  fo  as  never  to  reach  the  fenforium  in  order  to 
excite  any  idea  in  the  mind,  or  that  if  they  do  reach  the 
fenfory,  and  create  correfpondent  ideas,  yet  they  are  fo 
drowned,  as  it  were,  in  the  ftronger  idea,  as  to  efcape  our 
attention  and  memory.  I  am  not  infenftble,  that  there  is  a 
real  difficulty  in  this  matter,  and  even  fome  appearance  of 
contradiction  in  the  laft  fuppofition  :  for  it  may  well  be 
afked,' what  is  an  idea  drowned  in  another,  but  a  perception 
unperceived  ?  Without  pretending  to  decide,  therefore,  in 
this  fo  very  fubtile  a  queftion,  I  fhall  only  take  notice  of 
a  fa£f,  which,  if  duly  weighed,  would  perhaps  go  as  far 
towards  clearing  it  up  as  any  other  confideration  whatever. 
It  is  well  known  Sir  Ifaac  Newton  has  proved,  by  a  beauti¬ 
ful  variety  of  experiments,  that,  from  the  union  of  fimple- 
coloured  rays,  are  formed  compound-coloured  ones  ;  forex- 
ample,  that  a  red  and  yellow  ray  mingled  make  an  orange, 
blue  and  yellow  a  green  one,  and  fo  of  the  reft  ;  and  that 
all  the  fim pie-coloured  rays  combined  form  a  white  one. 
But  this  difcovery  is  by  no  means  confined  to  colours  as 
they  exift  out  of  the  mind,  either  in  the  rays  of  light,  or 
furfaces  of  bodies ;  but  is  equally  true  of  the  ideas  of 
colours  in  the  mind  itfelf :  for  it  appears,  by  experi¬ 
ments,  that  the  idea  of  red  and  the  idea  of  yellow,  con¬ 
founded  in  the  mind  by  co-exiftence  or  rapid  fucceffion, 
make  the  idea  of  orange;  the  ideas  of  blue  and  yellow,  that 
of  green.  & c.  and  thofe  of  the  feven  fimple  colours  that  of 
white. 
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be  felt  or  attended  to.  But  this  is  far  from 
being  the  cafe  in  afthmatic  diforders,  or  af¬ 
ter  refpiration  has  been  fupprelfed  for  fome 
time;  for,  then,  it  is  very  remarkable,  being 
accompanied  with  the  moft  painful  anxiety.— 
The  adtion  of  the  air,  aliments  and  bile,  up¬ 
on  the  inteftines,  which  is  the  caufe  of  their 
periftaltic  motion,  is  commonly  altogether 
unperceived  by  us ;  but  let  this  Jiimulm  be 
increafed  by  purgative  medicines,  or  by  {harp 
humours  lodged  in  the  primce  and  it  will 
be  felt  very  fenfibly. — The  Jiimulus  of  light 
upon  the  retina ,  which  makes  the  pupil  con¬ 
tract  itfelf,  is  feldom  perceived  or  regarded, 
unlefs  it  be,  when  the  degree  of  light  is  much 
ftronger  than  what  the  eye,  immediately  be¬ 
fore,  had  been  expofed  to. — The  action  of  the 
returning  blood  upon  the  heart,  though  it  be 
ufually  quite  imperceptible,  feems,  in  fome 
cafes,  plainly  to  be  felt:  for  people,  efpeci- 
ally  fuch  as  have  weak  nerves,  after  a  fudden 
fright,  which  makes  the  blood  return  more 
haftily,  and  in  greater  quantity,  than  ufual 
to  the  heart,  are  fenhble  of  a  particular  feel¬ 
ing,  not  eafy  to  be  defcribed  in  words,  from 
the  heart's  being  more  than  ordinarily  aifedted 

bv 
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by  a  furcharge  of  this  fluid. — In  various  parte 
of  the  body,  pulfations,  or  fmail  alternate 
convulfions,  are  fornetimes  perceived;  which* 
as  they  keep  not  time  with  the  beating  of  the 
heart,  cannot  be  arterial  vibrations,  but  mu  ft 
be  the  alternate  contradions  of  mufcles,  or; 
rather,  of  a  fmail  parcel  of  their  fibres.  There 
is  no  fenfation  of  a  Jiimulus  in  the  part  before 
thefe  motions  begin,  or  while  they  continue; 
and  yet,  as  they  frequently  happen  to  people 
in  good  health,  whofe  brain  and  nervous  fy- 
ftem  are  found*  it  is  more  than  probable  that 
they  are  owing  to  fome  obftruding  matter, 
which  diftrads  the  fibres  of  the  fubtiler  vef- 
fels,  or  to  acrid  particles  in  the  fluids  coming 
into  contad  with  the  tender  nerves  of  the  con- 
vulfed  part.  But, 

£  The  ftimulus  caufing  the  vital  motions  is 

J  (3 

unperceived  by  us,  not  only  on  account  of  its 
gentlenefs,  but  alfo  becaufe  we  have  been  ac- 
cuftomed  to  it  from  the  earlieft  period  of  our 
lives.  The  force  of  cuftom  is  prodigious  and 
unaccountable ;  what  we  have  been  long  ufed 
to,  we  become  fcarcely  fenfible  of,  while 
things  which  are  new,  though  much  more 
trifling,  and  of  weaker  imprefiion,  affed  us  re¬ 
markably,. 


rther  Involuntary  Motions.  297 

markably.  Thus  he  who  is  wont  to  fpend  the 
greateft  part  of  his  time  in  the  filent  retire¬ 
ments  of  the  country,  is  furprifingly  affedted* 
upon  his  firft  coming  into  a  populous  city* 
with  the  noife  and  buftle  which  prevail  there  : 
of  this,  however,  he  daily  betomes  lefs  and 
lefs  fenfible,  till,  at  length,  he  regards  it  no 
more  than  they  who  have  been  ufed  to  it  all 
their  life-time. 

The  fame  feems  to  be  the  cafe  alfo  with  re¬ 
gard  to  what  paflfes  within  our  bodies.  Few 
perfons  in  health  feel  the  beating  of  their 
heart,  though  it  ftrikes  againft  the  ribs,  and 
that  too  with  a  confiderable  force  every  fecond 
or  oftener  ;  whereas  the  motion  of  a  fly  up¬ 
on  one’s  face  or  hands,  occafions  a  very  fen¬ 
fible  and  uneafy  titillation. — The  pulfation 
of  the  great  aorta  itfelf  is  wholly  unobferved 
by  us  ;  yet  the  unufual  beating  even  of  a 
fmall  artery  in  any  of  the  fingers,  from  an 
obftrudtion  of  its  veflels,  becomes  very  re¬ 
markable. — Although  the  blood  rufhes  into 
the  ventricles  of  the  heart  with  a  confider- 
able  velocity,  and  is  thence  expelled  into  the 
arteries  with  a  much  greater  force  *  yet  we 
are  not  confcious  of  fo  much  as  one  drop  of 

P  p  thig 
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this  fluid  pafling  that  way  ;  otherwife  the  cir¬ 
culation  of  the  blood  could  not  have  remained 
fo  long  a  fecret  to  mankind.  And  if  we  arc 
not  fenflble  of  the  JUmulus  of  the  air,  aliment 
and  bile  upon  the  inteftines,  which,  however, 
all  allow  to  be  the  caufe  of  their  vermicular 
motion ;  nor  are  immediately  confcious  of 
the  adion  of  opium  upon  the  nerves  of  the 
ftomach,  which  yet  produces  furprifmg  ef¬ 
fects  over  the  whole  body  ^  why  fhould  it  be 
thought  ftrange  that  we  don’t  feel  the  JUmulus 
of  the  blood  upon  the  internal  furface  of  the 
ventricles  of  the  heart,  which  is  much  more 
gentle  than  the  laft,  and  which,  as  wrell  as  the 
firft,  cuftom,  that  fecond  nature,  prevailing 
from  the  very  beginning  of  our  lives,  ha& 
rendered  quite  familiar  and  unheeded. 

Upon  the  whole,  from  what  has  been  faid. 
It  may  fully  appear,  that  there  is  no  good  rea- 
fon  for  denying  the  vital  motions  to  proceed 
from  a  JUmulus  affeding  the  mind,  becaufe 
we  are  not  confcious  of  this ;  or  for  imaei- 

o 

ning  that  the  blood  does  not  gently  irritate 
the  heart,  becaufe  we  don’t  feel  a  particular 
fenfation  in  this  mufcle  immediately  preced¬ 
ing  every  contradion  of  It. 

Oh], 
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Obj.  III.  It  may  be  faid,  that  although  we 
are  infenfible  of  the  Jiimuli  affecting  the  or¬ 
gans  of  vital  motion,  either  from  their  flight- 
nefs  or  from  cuftom ;  yet  we  ought  to  be 
confcious  of  the  exertion  of  the  mind’s  power 
in  eaufing  thefe  motions. 

Anfwer .  «  That  a  man  may  in  general, 
.and  with  propriety,  be  called  confcious  of  any 
adion,  it  is  not  only  neceflary  he  fhould  per¬ 
ceive  it  during  the  time  in  which  it  is  per¬ 
formed,  but  alfo  that  he  be  able  to  recoiled: 
it  after  it  is  paft :  for  though  one  be  fenfible, 
while  a  vifible  objed  is  before  him,  that  he 
fees  it ;  yet  if  he  retains  not  the  lead  me¬ 
mory  of  it  after  it  is  removed  out  of  his  fight, 
he  can  neither  fatisfy  himfelf  nor  others  that 
ever  he  faw  it.  In  like  manner,  we  cannot 
be  called  confcious  of  an  adion  or  volition  that 
is  not  adverted  to  when  performed,  or,  as  foon 
as  it  is  over,  is  entirely  forgotten  by  us :  for  as 
there  are  fome  fenfations,  either  fo  flight  in 
themfelves,  or  fo  much  weakened  by  the  di- 
verfion  of  our  attention,  that  they  leave  no 
traces  in  the  memory ;  fo  there  maybe  adion s 
^nd  volitions,  that  are  either  fo  faint,  fo  ha¬ 
bitual. 
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bitual,  or  fo  much  leflened  amid  ftronger  and 
more  important  exertions  of  the  mind,  that 
they  may  not  only  be  entirely  and  for  ever 
forgotten,  but  never  fo  much  as  taken  notice 
of  or  refleded  upon. 

£  Setting  afide,  however,  all  metaphyfi- 
cal  conf derations,  we  may  find  arguments  a 
pojierwri  fufficient  to  prove  that  the  mind  does 
perform  addons,  which  yet  are  unattended 
with  confcioufnefs.  Thus  we  are  not  con- 
fcious  of  any  effort  of  the  mind  in  caufing 
thofe  motions  of  the  body,  which  tickling 
the  fides  or  the  foies  of  the  feet  excites ;  yet 
it  appears  they  in  fad  do  proceed  from  the 
mind,  from  the  like  motions  being  produced* 
though  in  a  lefs  degree,  by  the  fear  only  or  ap- 
prehenfion  of  being  tickled. — Duft,  as  well  as 
flies  and  feveral  other  infeds  paffing  before  our 
eyes,  make  us  fhut  th zpalpebrce ;  and  yet  thefe 
motions,  which  certainly  proceed  from  the 
mind,  are  not  often  attended  to,  and  feldom 
remembered  by  us. — -The  contradion  of  the 
pupil  from  light,  and  of  the  mufcles  of  the 
internal  ear  from  found,  has  been  fhewn  to 
arife  from  an  exertion  of  the  mind’s  power, 
of  which,  however,  we  $re  in  no  degree  fen-? 

Able*— - 
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fible. — As  the  eredtion  of  the  penis  often  pro¬ 
ceeds  from  lafcivious  thoughts,  it  mu  ft  be  a- 
fcribed,  in  thefe  cafes  at  leaft,  to  the  mind, 
notwithftanding  our  being  equally  unconfci- 
ous  of  her  influence  exerted  here,  as  in  pro¬ 
ducing  the  contraction  of  the  heart. - The 

fight,  or  lively  idea  of  grateful  food,  is  ac¬ 
companied  with  a  fudden  and  copious  excre¬ 
tion  of  fpittle  into  the  mouth  of  a  hungry 
perfon  :  certain  ideas  excited  in  the  mind  are  < 
the  occafion  of  an  uncommon  flow  of  tears, 
from  the  lachrymal  veflels:  and  a  nurfe’s  hreaft 
pours  out  its  milk  when  a  child  is  brought  on¬ 
ly  near  it.  The  extraordinary  motions  of  the 
veflels  of  thefe  parts  cannot  in  any  other  way 
be  accounted  for,  than  by  afcribing  them  to 
the  mind;  of  whofe  adtion,  however,  we 
are  no  way  confcious. 

Further,  ftnce,  in  confequence  of  certain 
ideas  being  excited  in  the  mind,  the  ftomach 
is  immediately  affedted  with  a  naufea  and  vo¬ 
miting,  it  cannot  be  denied  that  this  is  owing 
to  an  unufual  determination  of  the  nervous 
influence,  by  means  of  the  mind,  into  the  mu- 
fcular  fibres  of  this  bowel ;  yet  we  are  not  at 
all  more  fenfible  of  an  exertion  of  the  mind’s 

power 
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power  in  this  cafe,  than  we  are  when  vomit¬ 
ing  is  excited  by  fwallowing  a  doze  of  ipecac 
cuan  or  emetic  tartar.  The  want  of  confci- 
Oufnefs,  therefore,  can  be  no  fufficient  argu¬ 
ment  againft  the  motion  of  the  ftomach,  whe¬ 
ther  natural  or  perverted,  being  owing  to  the 
adtive  power  or  energy  of  the  ientient  prin- 
ciple,  which  is  varioufly  afiedted  by  the  dififer- 
ent  fiimuli  applied  to  the  delicate  nerves  of 
this  bowel  ;  and  if  the  idea  only  of  a  difa- 
greeable  fenfation  in  the  ftomach,  can  bring 
about,  through  the  influence  of  the  rnind^ 
fuch  irregular  motions  in  it,  why  ftiould  not 
the  real  feeling  of  fuch  a  fenfation  in  this  or¬ 
gan,  more  remarkably  affedt  the  mind,  and 
fo  excite  it  to  produce  fimilar  motions. 

What  has  been  faid  with  regard  to  the  mo¬ 
tions  of  the  ftomach,  may  readily  be  applied, 
to  thofe  of  the  heart :  for  no  fooner  are  cer¬ 
tain  ideas  prefented  to  the  mind,  than  the  mo¬ 
tion  of  the  heart  is  increafed  and  accelerated; 
which  muft,  therefore,  undoubtedly  be  the 
effedt  of  an  extraordinary  determination  of  the 
nervous  power  into  its  fibres  confequent  upon 
the  emotion  raifed  in  the  foul :  yet  of  this  ef¬ 
fort  of  the  mind  we  are  not  in  any  degree  con- 

fcious. 
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feious.  If,  therefore,  the  mind  can  thus  in¬ 
fluence  the  heart’s  motion,  and  we,  at  the 
fame  time,  not  be  fen  Able  of  its  power  being 
directed  to  that  end,  it  can  by  no  means  ap¬ 
pear  unreafonable  to  fuppofe,  that  the  Jiimu - 
lus  of  the  returning  blood  may  excite  the  fen- 
tient  principle  to  bring  this  mufcle  into  con¬ 
traction,  although  we  are  not  in  the  leaft  con- 
feious  of  any  fuch  exertion  of  its  power. 

But,  the  objection  againfl:  the  mind’s  be¬ 
ing  concerned  in  effecting  the  vital  and  other 
involuntary  motions,  drawn  from  our  not  be¬ 
ing  confcious  of  its  interpofing  for  this  end, 
is  quite  overturned,  by  confidering  that  great 
variety  even  of  voluntary  motions  are  many 
times  performed,  when  we  are  infenfible  of 
the  power  of  the  will  exerted  in  their  produ¬ 
ction.  Thus,  while  in  walking  we  either 
meditate  byourfelves,  or  converfe  with  others, 
we  move  the  mufcles  of  our  legs  and  thighs, 
without  attending  to,  or  knowing  any  thing 
of  the  matter. — W e  are  not  fenfible  of  the 
eye-lids  being  kept  open  by  the  immediate  a- 
(tion  of  the  mind  ;  but  yet,  when  drouzinefs 
and  fleep  fteal  upon  us,  we  find  it  requires  a 
confiderable  effort  to  prevent  the  falling  down 

of 
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of  the  fuperior  palpehrce,  The  fame  thing  is 
true  of  the  adtion  of  the  mufcles  which  fup- 
port  the  head.  The  true  account  of  our  ig¬ 
norance  in  thefe  things,  which,  as  they  are 
tranfadted  within  the  fphere  of  our  own  bo¬ 
dies,  it  might  be  expected  we  fhould  be  well 
acquainted  withal,  feems  to  be  this,  viz,  that 
we  not  only  acquire,  through  cuftom  and  ha¬ 
bit,  a  faculty  of  performing  certain  motions 
with  greater  eafe  than  we  were  wont  to  do 
them,  but  alfo,  in  proportion  as  this  facility  is 
increafed,  we  become  lefs  fenfible  of  any  {hare 
or  concern  the  mind  has  in  them.  Thus  a 
young  dancer,  or  player  upon  the  harpficord* 
is  very  thoughtful  and  felicitous  about  every 
motion  of  his  fingers,  and  every  ftep  he  takes ; 
while  the  proficients  or  masters  in  thefe 
arts  perform  the  very  fame  motions,  not  only 
with  greater  agility,  and  more  dexteroufly,  but 
almoft  without  any  reflexion  or  attention  to 
what  they  are  about. 

Some  indeed  have  gone  fo  far,  as  to  deny 
that  even  the  voluntary  motions  are  owing  to 
the  mind,  as  their  proper  caufe,  and  have 
thought  the  diredtion  of  the  feveral  voluntary 
mufcles,  in  order  to  perform  the  various  mo¬ 
tions 
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tions  of  the  body,  to  be  an  office  which  its 
faculties  are  by  no  means  equal  to  *.  But  if 
thefe  motions  be  not  owing  to  the  mind,  from 
what  caufe,  I  pray,  external  or  internal,  do 
they  proceed  ?  They  cannot  be  owing  to  the 
powers  of  the  body  alone ;  and  it  is  in  vain 
to  attribute  them  to  any  law  which  it  may  be 
pretended  the  Deity  has  eftablifhed  fince 
a  law  can  produce  no  effect  of  itfelf,  and, 
without  fome  agent  to  execute  it,  is  only  a 
mere  name  or  empty  found:  they  muft,  there¬ 
fore,  be  afcribed  either  to  the  immediate  agen¬ 
cy  of  the  Supreme  Being,  or  to  that  of  fome 
general  inferior  nature,  which  he  has  con- 
ftituted  for  this  purpofe,  or  to  the  energy  of 
a  particular  aftive  principle  united  with  the 
body.  The  firft  two  fuppofitions  are  poffible 
indeed,  but  not  at  all  probable,  as  is  the  laft; 
whence  it  may  be  inferred,  that  not  only  the 
voluntary  motions,  of  which  we  are  imme¬ 
diately  confcious,  but  thofe  alfo  which  we  don’t 
advert  to,  proceed  from  that  sentient  and 
Intelligent  principle  writh  which  the 
Author  of  nature  has  animated  our  bodies; 

CLq  whofe 

*  Haller,  not.  in  Bqerhaav,  Inftitut.  vol,  iv.  p.  588, 
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whofe  powers  and  operations,  it  muft  be  oWm 
ed,  are,  in  many  inftances,  as  much  above 
our  knowledge,  as  is  the  nature  of  its  union 
with  the  body,  or  the  manner  of  their  reci¬ 
procal  addon  upon  each  other. 

t  ?  ;  .• 

Obj.  IV.  If  the  vital  motions  were  owiiig 
to  the  mind,  they  fliould  be  under  its  domi¬ 
nion  or  controul ;  and  we  ought  at  any  time 
to  be  able  to  fufpend  or  vary  thefe  motions  at 
pleafure. 


Anfwer .  In  all  addons  which  are  the  refult 
of  reafoning  and  deliberation,  man  evidently 
appears  to  be  a  free  agent  ;  he  has  it  in  his 
power,  after  weighing  all  motives  and  circum- 
dances,  to  prefer  this  or  the  other  adion,  or 
to  abftain  from  ading  altogether*  But  there 
are  adions,  towards  the  performing  of  which 
we  are  in  no  ways  determined  by  reafon,  and 
where  the  mind  is  a  neceffary  agent,  even  in 
the  very  ftrongeft  fenfe  of  the  word  :  of  this 
kind  are  the  involuntary  motions  of  mufcles, 
whofe  fibres  have  a  JUmulus  applied  to  them ; 
for  the  application  of  external  objeds  to  their 
proper  organs,  does  not  more  neceffarilyor  im¬ 
mediately^ 
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mediately  excite  correfponding  ideas  in  the 
mind,  than  certain  uneafy  fenfations  produce 
confequent  motions  of  the  body.  As  we  can¬ 
not  therefore  hinder  ourfelves  from  feeing  e- 
very  objedt  which  is  painted  on  the  bottom  of 
the  eye,  nor  from  hearing  every  found  which 
affedts  the  ear;  fo  neither  can  the  mind  refrain 
from  exerting  its  power  of  moving  a  mufcle, 
whofe  fenfible  fibres  are  ftrongly  affedted  by 
a  Jiimuhis .  And  as  no  body  ever  went  about 
to  deny  that  it  was  the  mind  which  fees  co¬ 
lours  and  hears  founds,  becaufe,  whenever 
the  external  caufes  exciting  thefe,  are  applied 
to  their  proper  organs,  we  can,  by  no  effort 
of  the  will,  prevent  ourfelves  from  feeing  or 
hearing,  nor  can  fee  and  hear  objedts  or  founds 
different  from  what  thefe  impreffions  natural¬ 
ly  reprefent ;  fo  it  muft  be  wholly  unreason¬ 
able  to  pretend  the  vital  and  other  involuntary 
motions  cannot  arife  from  the  energy  of  the 
mind,  becaufe  the  will  has  no  immediate 
power  over  them. 

An  addon  is  denominated  free,  from  the 
agents  having  willed  or  chofen  it,  when  he 
had  a  phyfical  power  of  doing  otherwife;  thus 

{he  adtion  of  fwallowing  poifon  is  jfin  d  to  be 

free, 
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free,  when  a  perfon  chufes  it,  and  might  have 
refrained  from  it;  but  the  convulfive  motions 
of  the  ftomach  and  diaphragm  which  foon 
enfue  upon  taking  it,  are  ftrifrly  neceffary  j 
fince  the  mind  cannot,  by  any  effort  or  exer¬ 
tion  of  its  power,  prevent  them,  being  as 
neceifarily  determined  to  move  thefe  parts  vi¬ 
olently,  from  the  difagreeahle  fenfation  which 
the  poifon  excites,  as  a  ftone  is  in  falling  to 
the  ground,  or  a  balance  in  inclining  to  the 
fide  where  there  is  the  greatefi:  weight,  from 
the  principle  of  gravity.  The  only  difference 
in  thefe  cafes  is,  that  the  caufe  afts  upon  a  li¬ 
ving  fentient  principle  in  the  firft ;  and  in  the 
iaft,  upon  inert  and  lifelefs  matter. 

As  the  actions  which  neceffarily  follow  an  ir¬ 
ritation  of  our  mufcles,  or  any  uneafy  fenfati¬ 
on  in  the  body,  are  not  performed  by  the  mind. 
In  confequence  of  any  previous  ratiocination, 
or  from  any  views  of  their  being  immediately 
neceffary,  or  conducive  to  the  welfare  of  the 
body;  fo  neither  do  they  flow  from  cuftom  or 
habit;  fince  new-born  children  perform  them 
as  well  as  the  cldeft  and  moft  experienced 
man.  Infants,  as  foon  as  they  come  into  the 
world,  perform  the  adliqn  of  breathing,  tho* 

quite 
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quite  unaccuftomed  to  it  before  ;  they  fhut 
their  eye-lids  upon  the  approach  of  light,  vo¬ 
mit  when  their  ftomach  is  oppreffed,  fuck 
when  hungry,  fneeze,  or  cough,  upon  any 
irritation  of  the  membrane  of  the  nofe  or  wind-* 
pipe,  and  void  their  faces  and  urine,  when 
thefe  excite  an  uneafy  fenfation  in  their  inte- 
ftines  or  bladder.  Cuftom  may  enable  us  to 
perform  fome  actions  with  furprifing  facility, 
and  little  or  no  attention,  but  will  not  render 
the  motions  of  mufcles  abfolutely  involuntary, 
which  were  origin  ally  voluntary :  Thus,  Hal¬ 
ler  has  well  obferved  againft  the  followers  of 
Stahl,  the  mufcles  of  the  eye-lids,  and  thofe 
which  ferve  to  erefl  the  back,  though  they 
are  almoft  conftantly  employed,  except  in 
time  of  fieep,  neverthelefs  continue  to  be  fub- 
]ed:  to  the  will 

It  remains,  therefore,  that  the  motions  per¬ 
formed  by  us,  in  confequence  of  an  irritation, 
are  owing  to  the  original  conftitution  of  our 
frame,  and  law  of  union  eftabliihed  by  the 
all-wife  Creator  between  the  foul  and  body, 
whereby  the  former,  immediately  and  without 
anyexereife  of  reafon,  endeavours  by  all  means 

and 

•*  Not.  in  Boerhaave  Inftitut.  med,  vol.  iv.  p.588, 
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and  in  the  moft  effectual  manner,  to  avoid  or 
get  rid  of  every  difagreeable  fenfation  conveyed 
to  it  by  whateverhurts  or  annoys  the  body  *. 

When  the  organ  is  not  extremely  fenfible, 
or  the  ftimulus  is  very  flight,  or  is  applied  to 
fome  diftant  part,  and  not  immediately  to 
that  which  is  to  be  moved,  we  can  reftrain. 
the  motions,  which  otherwife  would  follow, 
by  an  effort  of  the  will :  but  if  the  nerves  of 
the  part  be  more  delicate,  and  fufceptibie  of 
the  fmalieft  impreffion ;  if  the  Jlimulus  be 
ftronger  and  applied  immediately  to  the  organ 
which  is  to  be  brought  into  adtion  ;  then  the 
motions  which  follow7,  are  neceffary,  and  can¬ 
not  be  controuled  by  the  power  of  the  will, 
becaufe  the  mind  is  more  ftrongly  affedted  by 
the  irritation,  than  by  any  arguments  or  ideas 
it  can  prefent  to  itfelf.  To  illuftrate  this  mat¬ 
ter  by  a  few  examples.— In  voiding  the  ex¬ 
crement  and  urine,  the  contraction  of  the  ab¬ 
dominal  mufcles  and  diaphragm  is  ufually  in 
fome  meafure  voluntary,  and  can  be  reftrain- 
ed  at  pleafure,  becaufe  the  Jlimulus  is  not 
only  flight,  but  applied  to  a  diftant  part ;  but 
in  a  violent  tenefmus  or  ftrangury,  the  motion 

ef 

*  See  page  288.  &  289.  above, 
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of  thefe  mufcles  becomes  altogether  neceffary 
and  convulfive,  not  becaufe  the  mind  is  lefs 
concerned  in  this  laft  cafe  than  before,  but  be¬ 
caufe  the  painful  fenfation  compells  it  to  ad 
whether  it  will  or  no. — If  the  internal  mem¬ 
brane  of  the  wind-pipe  be  flightly  irritated, 
we  can  reftrain  coughing;  but  if  the  tickling 
be  ftrong,  we  lofe  this  power. — When  the 
tunica  cornea ,  or  conjunStiva  of  the  eye,  are 
gently  ftimulated,  we  can,  by  an  effort  of  the 
will,  prevent  the  fhutting  of  the  palpebrce-y 
but  when  any  thing  very  acrid  is  applied  to 
thefe  parts,  the  eye-lids  are  moved  neceffa- 
rily. — Although  the  contradion  of  the  pupil 
arifes  from  the  adion  of  light  upon  the  re¬ 
tina^  and  not  upon  the  fibres  of  the  iris ;  yet 
this  motion  is  altogether  involuntary,  on  ac¬ 
count  of  the  extreme  fenfibility  of  the  irri¬ 
tated  part. — The  motions  of  the  heart  and 
alimentary  tube  are  wholly  neceffary,  becaufe 
the  nerves  of  thefe  organs  are  highly  fenfible* 
and  the  jiimulus  is  immediately  applied  to 
them.  Nor  can  the  mind  leffen  the  violent 
contradions  of  the  heart  in  a  fever,  however 
confeious  it  may  be  of  the  danger  arifing  from 
too  impetuous  a  motion  of  the  blood;  becaufe 

the 
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the  heart  being  more  ftrongly  ftimulated  than 
ufual  by  the  blood,  the  fentient  principle,  in 
order  to  expel  the  irritating  caufe,  is  neceiia- 
rily  excited,  to  contract  this  mufcle  with  pro¬ 
portionally  greater  force.— The  motions  of 
the  refpifatory  mufoles  can  be  accelerated-, 
retarded,  or  altogether  ftopt,  as  often  as  w£ 
pleafe  ;  becaufe  the  ftimidus  exciting  them*  is 
not  immediately  applied  to  their  fibres,  but  to 
the  lungs,  a  part  not  very  fenfible,  and  with 
which  they  have  little  or  no  connexion.  How- 
ever,  as  often  as  the  ftimukis  is  greatly  iricrea- 
fed,  by  the  difficult  paffage  of  the  blood  thro" 
the  lungs,  and  there  is  an  immediate  danger 
of  fuffocation,  the  motion  of  thefe  mufcles  be¬ 
comes  more  neceffary,  and  almoft  ceafes  to  be 
under  the  power  of  the  will.- — In  a  fever, 
when,  from  an  obftruction  or  perverted  moti¬ 
on  of  the  fluids  in  the  brain,  or  its  membranes, 
the  patient  talks  of  feeing  and  hearing  things 
which  are  neither  prefent  nor  fpoken,  he  may 
be  readily  convinced  of  his  error,  provided  the 
delirium  be  of  the  {lighter  kind ;  if  otherwife, 
we  endeavour  in  vain  to  corredt  his  wrong 
judgment  by  reafon  or  argument,  fince  the  dif- 
' ordered  ftate  of  the  brain  makes  a  ftronger  ini- 
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preflion  upon  the  mind,  than  any  arguments 
or  external  confiderations  whatever  :  yet  a-1 
crid  cataplafms  applied  to  the  foies  of  the  feet, 
as  they  give  great  pain,  and  fo  make  a  remar k- 
ably  ftrong  impreffion  on  the  fentient  prin¬ 
ciple,  will  often  leflen,  and  fometimes  entirely 
temove  fuch  a  delirium .  But, 

p  The  objection  againft  the  mind’s  pro- 
ducing  the  vital  motions,  drawn  from  their 
being  involuntary,  muft  appear  extremely 
weak ;  fince  there  are  a  variety  of  motions  e* 
qually  independent  upon  our  will,  which  yet 
are  certainly  owing  to  the  mind.  Thus,  as 
has  been  already  obferved,  the  contraction  of 
the  pupil  from  light,  and  the  motions  of  the 
body  from  tickling,  or  the  apprehenfion  of  it, 
undoubtedly  flow  from  the  mind,  notwith- 
ftanding  their  being  involuntary.— The  Abut¬ 
ting  of  the  eye-lids,  when  a  blow  is  aimed  at 
the  eye,  is  another  inftance  of  a  motion  per¬ 
formed  by  the  mind  in  fpite  of  the  will ;  for  as 
the  threatened  blow  does  not,  by  any  corpo¬ 
real  contact,  affect  the  orbicular  mufcle  of  the 
palpehrce ,  its  contraction  muft  neceflarily  be 
deduced  from  the  mind,  moved  to  perform 
this  action  from  the  apprehenfion  of  forne- 

R  r  thing 
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thing  ready  to  hurt  the  eye  :  and  if  there  ar C 
fome  who,  by  an  effort  of  the  will,  can  re- 
flrain  this  motion  of  their  eye-lids,  yet  this 
does  not  proceed  fo  much  from  the  mind’s 
making  no  attempt,  in  confequence  of  the 
apprehended  danger,  to  clofe  the  palpebree , 
as  from  the  fuperior  eye-lid’s  being  kept 
tip  by  a  ftrong  voluntary  contraction  of  its 
levator  mufcle.— — -We  cannot,  by  an  effort 
of  the  will,  either  command  or  reftrain  the 
ereCtion  of  the  penis  ;  and  yet  it  is  evidently 
owing  to  the  mind ;  for  hidden  fear,  or 
any  thing  which  fixes  our  attention  ftrong- 
ly  and  all  at  once,  makes  this  member  quickly 
fubfide,  though  it  were  ever  fo  fully  ereCted, 
The  titillation,  therefore,  of  the  veficulre  femi- 
nales  by  the  femen ,  lafcivious  thoughts,  and 
other  caufes,  only  produce  the  ereCtion  of  the 
penis>  as  they  neceffarily  excite  the  mind  to 
determine  the  blood  in  greater  quantity  into 
its  cells  — A  fhotking  fight,  or  a  difagree- 
able  found,  will  often,  in  an  inftant,  excite  a 
tremor  or  fhivering  over  the  whole  body; 
which  cannot  be  owing  merely  to  the  mecha¬ 
nical  aCtion  of  light  upon  the  eye,  or  of  found 

upon 

*  Vid.  SeCL  vi.  N°  4,  above. 
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upon  the  ear  ;  fince,  when  the  external  or¬ 
gans  are  unaffiedted  by  thefe  things,  their  idea, 
recalled  by  the  mind,  can  of  itfelf  produce  a 
fimilar  effedt :  this  motion,  therefore,  though 
it  be  involuntary,  and  can  neither  be  per¬ 
formed  nor  ftopt  at  pleafure,  muft  neceffarily 
be  owing  to  the  mind  or  fentient  principle. 

If,  therefore,  we  have  found  various  invo¬ 
luntary  motions  arifing  from  the  mind,  it  can. 
be  no  proof  againft  the  vital  motions  flowing 
from  the  energy  of  the  fame  principle,  that 
they  are  involuntary :  and  if  the  motions  of 
the  voluntary  mufcles  themfelves  become  in¬ 
voluntary,  as  often  as  they  are  excited  into 
adtion  by  a  Jiimulus  applied  to  their  fibres,  it 
can  be  no  wonder  that  the  motions  of  the 
heart  and  alimentary  canal  are  neceflary,  and 
independent  on  the  will,  fince  thefe  organs 
are  perpetually  expofed  to  the  alternate  adtion 
of  a  Jiimulus .• 

If  it  be  afked,  why,  when  neither  light 
nor  found  affedt  the  mufcles  of  the  uvea  and 
internal  ear,  we  cannot  at  pleafure  move 
them  ;  or  why  we  cannot  at  any  time,  by  an 
effort  of  the  will,  produce  an  eredtion  of  the 
penis ;  it  may  be  anfwered,  that  as  mankind, 

’  .  '  by 
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by  having  their  ears  tied  down  when  young, 
lofe  the  power  of  moving  them,  though  there 
are  muCcles  deftined  by  nature  for  this  pur- 
pofe  3  fo  the  mind,  through  difufe,  may  have 
loft  its  power  of  moving  the  above  mentioned 
mufcles  at  pleafure,  even  when  they  are  not 
adted  upon  by  a famulus ;  or  why  may  we  not, 
for  wife  purpofes,  be  fo  framed  by  the  Au- 
,thor  of  nature,  that  the  mind,  while  it  can 
at  pleafure  contradh  the  greateft  part  of  our 
mufcles,  may  have  no  power  over  others, 
whofe  motions  are  to  be  regulated  only  by 
certain  fenfations,  fmce  thefe  will  never  fail 
to  excite  the  fentient  principle  into  adtion, 
when  it  is  neceffary  or  proper  ?  whereas,  if 
they  were  fubjedt  to  the  will,  it  is  probable, 
that  men,  by  a  perverfe  effort  of  this,  would 
in  many  cafes  greatly  prejudice  their  health, 
or  endanger  their  lives.  And  I  imagine,  that 
the  mind’s  w^ant  of  power  over  the  motion  of 
the  heart;  is  not  only  owing  to  its  being  con¬ 
tinually  adted  upon  by  a  Jlimulus  #,  but  in  part 
to  an  original  conftitution  f  ;  and  that  tho’ 

we 

*  Sedh  i.  N°  12.  &  13.  above. 

f  By  an  original  conftitution,  I  here  mean  no  more, 
than  that  we  are  fo  formed,  that  the  mind,  which  can  a i 
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we  fhould  fuppofe  thefe  organs  for  a  little 
while  free  from  every  degree  of  irritation,  yet 
the  mind,  by  an  effort  of  the  will,  could  not 
move  them.  Thus,  although  the  mind  re¬ 
mains  prefent  with  the  body,  and  ready  to 
actuate  it  in  a  fyncope ;  yet  it  can  neither  ai- 
redlly  renew  the  heart’s  motion  after  it  has 
ceafea,  nor  communicate  a  ftronger  contra¬ 
ction  to  it  when  it  is  juft  going  to  fail  :  and 
there  is  no  reafon  to  think,  that  thefe  animals 
which  lie  in  a  death-like  ftate  during  the 
winter-feafon,  have,  when  they  begin  to  re¬ 
vive  in  the  fpring,  any  more  power  over  the 
motion  of  their  heart,  than  thofe  in  whom  its 
motions  continue  without  anv  fuch  interru- 

1  J 

ption  from  the  beginning  to  the  end  of  their 
lives. 

We  need  not,  therefore,  with  Mr.  Lieutaud, 
have  recou rfe  to  any  croffings  or  entrela cements 
of  the  nerves  of  the  vital  organs,  or  to  their 
proceeding  from  different  parts  of  the  brain, 
in  order  to  account  for  their  not  being  fubjeeft 

to 

pleafure  move  moftof  the  mufcles  of  the  body,  has,  from 
the  beginning  of  life,  no  power  to  move  the  heart  and 
other  involuntary  mufcles,  unlefs  when  it  is  excited  to  do 
this  by  a  fthnulus  acting  upon  them,  or  upon  fome  neigh¬ 
bouring  part  with  which  they  have  a  peculiar  fympathy. 
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to  the  power  of  the  will  *  ;  efpecially  fince 
we  fee  that  the  motions  of  the  uvea  and  mu- 
fcles  of  the  internal  ear,  notwithftanding 
their  nerves  are  deftitute  of  the  above  condi¬ 
tions,  are  equally  involuntary  with  thofe  of 
the  <  heart ;  that  the  mufcles  of  the  arm, 
whofe  nerves  have  thefe  erodings,  are  yet 
fubjedt  to  the  will ;  and  that,  in  fhort,  even 
the  voluntary  mufcles,  when  affedted  by  any 
remarkable  jiimidus ,  ceafe  to  be  under  the 
controul  of  the  will  *f\ 

Ohj.  V.  The  mind  can  only  perceive  dif- 
tindlly  one  idea  at  once  ;  and  therefore  mull 
be  incapable  to  attend  to  and  govern  all  the 
vital  and  involuntary  motions,  which  are  fo 
numerous  i, 

Anfwer.  This  objedtion  is  chiefly  levelled 
againft  the  opinion  which  fuppofes  the  vital 
motions  to  be  regulated  and  carried  on  by  the 
mind  as  a  rational  agent,  and  does  not  at  all 
afifedt  our  theory  :  for  whether  the  mind  can 
diftindtly  apprehend  more  ideas  than  one  at  a 

time, 

*  EfTa'is  anatomiq.  p.  702.  &  Element.  Phyfiolog.  p.  72. 
t  Se£L  i.  N°  12.  &  13.  above. 

]:  Haller .  not.  in  Boerhaave  inftitut.  med.  p.  589. 
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time,  or  no,  yet  furely  it  can  and  does  feel 
various  fenfations  in  different  parts  of  the 
body  at  one  and  the  fame  time;  and  we 
know  that  it  can  move  many  of  the  voluntary 
mufcles  in  the  fame  inftant.  Why,  there¬ 
fore,  may  it  not,  in  confequence  of  the  per¬ 
ception  of  various \  Jiimuli  affecting  the  different 
vital  organs,  move  them  alternately  ? 

But  further,  when  Mahomet  Caratta ,  the 
famous  equilibrift,  flood  with  one  foot  on 
the  flack  wire,  toiling,  with  his  hands,  fix  or 
feven  balls  up  into  the  air,  and  catching  them 
again,  was  he  not  attentive  to  more  than 
one  thing  at  once  ?  In  this  cafe,  the  equili¬ 
brium  of  the  body  was  to  be  preferved,  the 
balls  were  to  be  taken  out  of  his  girdle,  they 
were  feverally  to  be  thrown  up  into  the  air, 
to  be  caught  as  they  came  down,  and  toffed 
up  again  ;  and  thefe  motions,  which  follow¬ 
ed  each  other  with  furprifing  quicknefs,  were 
continued  for  fome  confiderable  time.  Any 
man  can  hear  a  found  and  perceive  a  particu¬ 
lar  colour  at  the  fame  time  ;  and  though  ever 
fo  attentive  to  thefe,  he  will  not  fail,  if  a  fly 
happens  to  run  along  his  face,  to  drive  it  off 

with 
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with  his  hand,  that  he  may  avoid  the  tickling 
fenfations  which  it  excites.  In  like  manner,' 
how  much  foever  the  mind  may  be  bulled 
with  its  own  thoughts,  or  the  ideas  of  exter¬ 
nal  objects ;  yet  is  it  ever  ready  to  perceive 
and  feel  the  various  flimuli  which  alternately 
affed  the  vital  organs,  and,  in  confequence  of 
this,  to  continue  their  motions.  Nor  is  there 
any  need  of  an  infinite  wifdom  in  the  mind, 
as  fome  have  objeded,  to  enable  it  to  perform 
the  feveral  vital  and  other  involuntary  mo¬ 
tions,  with  different  and  always  varying  de¬ 
grees  of  force  and  quicknefs*  according  to  the 
different  circumftances  of  the  body  ;  fince,  in 
doing  this,  the  mind  has  no  particular  wife 
ends  in  view  ;  nor  is  it  influenced  by  any  ra¬ 
tional  motives,  but  merely  by  the  ftimulating 
caufes  affecting  the  feveral  organs ;  /.  e .  it 
ads  as  a  sentient,  and  not  as  a  rational 
principle.  In  the  Author  of  nature,  how¬ 
ever,  who  has  framed  both  the  foul  and  body, 
and  thus  adapted  them  to  each  other,  we 
ought,  as  upon  many  other  accounts,  lb  alfo 
upon  this,  to  acknowledge  a  wifdom  that  is 
infinite  and  unfearchable  ! 

In 
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In  contemplating  the  various  motions  of  a- 
nimals,  we  obferve  a  ftriking  analogy;  a  re- 
markable  agreement  in  fome  things,  and  a  dis¬ 
agreement  in  others* 

1.  Some  of  the  voluntary  motions,  by  the 
force  of  cuftom  and  habit,  come  at  length 
to  be  performed  with  little  or  no  attention  of 
mind;  and,  though  we  have  full  power  to  be¬ 
gin  or  (top  them  when  we  pleafe,  yet  they  be¬ 
come  fo  far  independent  of  the  will,  that  we 
can  only  perform  them  in  a  certain  way.  Of 
this  the  uniform  motions  of  the  eyes  are  an 
example. 

2.  Nearly  a-kin  to  thefe  are  the  mix’d  mo¬ 
tions,  or  thofe  of  a  middle  nature  between 
the  voluntary  and  involuntary ;  fuch  as  refpi- 
ration,  and  the  motions  of  the  eye-lids  when 
any  thing  (lightly  irritates  the  cornea .  Thefe 
agree  with  the  motions  from  habit,  in  being 
often  performed  without  confcioufnefs ;  but 
in  this  they  differ,  viz.  that  the  former  pro¬ 
ceed  from  a  Jlimulus ,  and  become  altogether 
involuntary  when  this  is  increafed ;  while  the 
latter  owe  their  beginning  to  an  effort  of  the 
will,  and  are. always  lubjed  to  its  controul. 

S  s  3.  The 


3-  The  involuntary  and  mix'd  motions,  in 
general,  agree  in  proceeding  from  a  Jlimulus , 
and  in  being  moftly  performed  without  con- 
fcioufnefs;  but  differ,  in  the  latter  s  being  part¬ 
ly,  and  the  former  not  at  all  under  the  power 
of  the  will.  Some  of  each  of  thefe  motions 
never  ceafe,  but  go  on  alternately  through  the 
whole  of  our  lives ;  while  others  are  only  ex¬ 
cited  on  certain  occafions :  among  the  former 
kind  are  the  motions  of  the  heart,  lungs,  and 
alimentary  tube;  of  the  latter  are  the  contra¬ 
ction  of  the  pupil,  eye-lids,  and  mufcles  of 
the  internal  ear, 

4.  In  fome  of  the  involuntary  motions,  we 
are  neither  confcious  of  the  Jlimulus ,  nor  of 
the  effort  of  the  mind  in  confequence  of  it ; 
as  is  the  cafe  with  the  motion  of  the  heart, 
and  the  ordinary  vermicular  contraction  of  the 
ftomach  and  guts^  In  others,  we  are  fenfible 
of  the  irritation,  or  difagreeable  perception 
exciting  them,  but  not  of  any  exertion  of  the 
mind's  power  :  fuch  are  the  convulfive  con¬ 
tractions  of  the  ftomach,  diaphragm,  and  ab¬ 
dominal  mufcles  in  vomiting,  of  the  dia¬ 
phragm  in  the  hiccup,  of  the  inteflines  in  pur- 


other  Involuntary  Motions.  323 

ging,  and  of  the  acceleratores  urince  in  expel* 
ling  the  femen . 

1 

5.  With  refpedl  to  the  mix’d  motions :  in 
thofe  of  the  eye-lids,  fo  far  as  they  are  of  this 
kind,  we  are  fenfible  of  the  irritation,  or  caufe 
exciting  them,  though  rarely  fo  of  any  effort 
of  the  will.— In  that  of  refpiration,  neither 
the  Jiimulus  affecting  the  lungs,  nor  effort  of 
the  mind  in  confequence  of  this,  are  ufually 
perceived ;  yet,  as  often  as  we  pleafe,  we  can 
fufpend  or  vary  this  motion,  as  freely  as  thofe 
of  the  eye-lids. — In  the  motions  of  the  dia¬ 
phragm  and  abdominal  mufcles,  in  expelling 
the  excrement  and  urine,  which  arealfo  of  the 
mix’d  kind,  we  are  perfectly  fenfible  of  the 
Jiimulus ,  and  frequently  of  an  exertion  of  the 
mind’s  power  in  confequence  of  it ;  yet  when 
the  irritation  is  very  great,  thefe  motions  be¬ 
come  altogether  convuhive  and  involuntary. 

6.  Further,  it  appears,  that  as  in  all  the 
works  of  nature,  there  is  a  beautiful  grada¬ 
tion,  and  a  kind  of  link,  as  it  were,  betwixt 
each  fpecies  of  animals,  the  lowed:  of  the  im¬ 
mediately  fuperior  clafs,  differing  little  from 

the 
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the  higheft  in  the  next  fucceeding  order;  fo 
in  the  motions  of  animals  fomething  flmilar 
may  be  obferved ;  the  mix’d  motions,  as  they 
are  called,  and  thofe  from  habit,  being  the 
link  between  the  voluntary  and  involuntary. 

Lajily ,  From  what  has  been  advanced  in 
this  and  the  preceding  fedtions,  with  a  deilgn 
to  flhew  what  concern  the  mind  has  in  produ¬ 
cing  the  vital  and  other  involuntary  motions, 
it  clearly  follows,  that  the  human  body  ought 
not  to  be  regarded  (as  it  has  too  long  been  by 
many  Phyfiologifts)  as  a  mechanical  machine, 
fo  exquifitely  formed,  as,  by  the  mere  force  of 
its  conftrudtion,  to  be  able  to  perform,  and 
continue,  the  feveral  vital  fundtions  things 
far  above  the  powers  of  mechanifm  !  But  as  a 
fyftem,  framed  indeed  with  the  greateft  art 
and  contrivance  ;  a  fyftem  !  in  which  the  pe¬ 
culiar  ftrudture  of  each  part  is  not  more  to  be 
admired  than  the  wife  and  beautiful  arrange-  * 
inent  of  the  whole ;  neverthelefs,  as  a  fyftem 
whole  motions  are  all  owing  to  the  adtive 
power,  and  energy,  of  an  immaterial  fenti- 

enfc 

*  See  Heifter's  DifTert  de  praedant.  medicin.  mechanic* 
p.  22.  25.  51.  69. 
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cnt  principle,  to  which  it  is  united,  and  by 
which  every  fibre  of  it  is  enlivened  and  actu¬ 
ated. 

In  accounting  for  the  vital  and  other  invo¬ 
luntary  motions  of  animals,  we  have  fhewn, 
that  they  are  all  owing  to  a  Jlimulus ;  and 
have  pointed  out  the  particular  Jlimuli  applied 
to  the  feveral  organs,  and  exciting  them  into 
aCtion  5  we  have  further  fhewn,  that  thefe 
Jlimuli  can  only  produce  their  effeCts  by  the 
influence  they  have  upon  the  mind  or  fen- 
tient  principle.  But  what  way  the  mind  puts 
the  mufcles  into  motion  ;  what  is  the  mate- 

V  ‘  * 

rial  caufe  in  the  brain,  nerves,  and  mufcular 
fibres,  which  it  employs  as  its  inftrument  for 
this  purpofe  ;  what  the  intimate  ftruCture  of 
-a  mufcular  fibre,  or  the  precife  manner  in 
which  the  nervous  influence  aCts  upon  it, 
when  it  produces  its  contraction  :  thefe  are 
queftions  we  have  wholly  avoided,  being  per- 
fuaded  that  whatever  has  been  hitherto  faid 
on  thefe  fubjeCts,  is  mere  fpeculation  ;  and 
that  to  offer  any  new  conjectures  on  matters 
fo  greatly  involved  in  darknefs,  and  where  j 
we  have  neither  data  nor  phenomena  to  fup- 

port 
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port  us,  is  to  load  a  fcience  already  labouring 
under  hypothefes  with  a  new  burden. 

To  complete  our  account  of  the  fpontane- 
ctis  motions,  it  now  only  remains,  that  we 
inquire  into  the  reafons  why  the  vital  mo¬ 
tions  continue  in  time  of  deep,  and  why  mu- 
fcles,  or  a  few  of  their  fibres,  are  often  ohfer- 
ved  to  move  for  fome  time  after  death  or 
their  feparation  from  the  body. 


SECT.  XII. 

Of  the  reafon  why  the  vital  motions  continue  in  Jleep , 

THe  reafon  why  the  vital  organs  are  con¬ 
tinually  agitated  with  alternate  contra¬ 
ctions,  while  the  other  mufcles  of  involuntary 
motion  are  contracted  on  certain  occafions 
only,  may  fully  appear  from  what  has  been 
already  offered  ;  for  wre  have  feen  that  the 
former  are  expofed  to  the  addon  of  a  Jlimulus 
always,  the  latter  only  at  particular  times. 
But  fince,  during  deep,  the  organs  of  fenfe 
are,  as  it  were,  lock’d  up,  and  the  vo¬ 
luntary  mufcles  become  more  relaxed  and 

unfit 
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unfit  for  adtion,  on  account  of  the  brain’s 
difpenfing  its  influence  more  fparingly  than 
Ordinary,  it  may  be  afked,  why  the  vital 
motions  don’t  at  this  time  either  ceafe,  or  at 
leaft  fail  confiderably  ? 

To  fay  here,  that  the  vital  motions  mu  ft 
therefore  go  on  without  diminution  or  difturb- 
ance,  becaufe  their  organs  are  equally  adted 
upon  by  their  proper  Jlimuli ,  both  when  we 
are  awake  and  fleeping,  would  be  an  incom¬ 
petent  anfwer  to  this  queftion ;  for  though 
the  ftimulating  caufe  be  granted  to  continue 
the  fame,  yet  if  the  organ’s  aptitude  for  mo¬ 
tion  be  lefiened,  the  eftedt  muft  be  the  fame, 
as  though  the  Jlimulus  were  weakened  or  en¬ 
tirely  wanting.  The  difficulty,  therefore, 
which  we  are  to  endeavour  to  remove,  is, 
why  the  vital  organs  fhould  not,  like  the  or¬ 
gans  of  fenle  and  mufcles  of  voluntary  mo¬ 
tion,  be  fo  far  affedted  by  fleep,  as  to  be¬ 
come  lefs  fit  or  able  to  perform  their  ufual 
fundtions  ? 

Sleep  feems  to  be  owing  to  fome  change 
produced  in  that  part  of  the  body  which  A- 
natomifis,  diftinguifhing  it  from  the  cerebel¬ 
lum ,  call  the  brain. — The  proof  of  this  is 

plainly 
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plainly  feen,  in  the  inftances  of  people  wha3s 
having  loft  part  of  their  fkull,  were  imme¬ 
diately  feized  with  fleep,  whenever  their  brain 
was  gently  prefled  f  and,  from  the  experi¬ 
ments  which  ftiew,  that,  inftead  of  fleep,  death 
itfelf,  or  at  leaft  a  fyncope ,  is  the  effedt  of  a 
like  comprefiion  upon  the  cerebellum .  If, 
therefore,  it  can  be  made  appear,  that  the 
vital  organs  have  their  nerves  chiefly  from 
the  cerebellu?ny  and  not  from  the  brain,  it  will 
be  evident  alfo,  that  the  reafon  why  their 
motions  continue  unimpaired  in  time  of  fleep, 
muft  be  this  peculiar  circumftance  attending 
the  cerebellum ,  that  its  nerves  are  not,  like 
thofe  proceeding  from  the  brain,  aflfedted  by 
fleep,  but  are  at  all  times  fitted  for  adtuating 
the  parts  to  which  they  are  diftributed. 

Now  there  are  many  experiments  of  VU 
eujfens  *,  Ridley  •f*,  and  others,  fhewing,  that 
refpiration  and  the  motion  of  the  heart  are 
quickly  ftopt  upon  wounding  the  cerebellum y 
but  that  wounds  in  the  brain  produce  little  or 
no  change  in  thefe  motions.  On  the  other 
hand,  feveral  authors  of  great  reputation  and 

unqueftioned 

*  Neurograph,  lib.  1.  cap.  20. 

f  Anatomy  of  the  brain,  chap.  17, 
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Unqueftioned  veracity  allure  us,  that,  in 
their  experiments,  the  vital  motions  conti¬ 
nued  for  fome  confiderable  time  after  the  ce¬ 
rebellum  had  been  cut  in  pieces*  However, 
it  does  not,  by  any  means,  appear  from  other 
experiments  of  thefe  very  authors,  that  the 
wounding  or  cutting  in  pieces  of  the  brain, 
affefted  the  vital  motions  more,  or  even  fo 
much,  as  the  fame  treatment  of  the  cerebellum . 
Are  we  then  to  conclude,  from  thefe  experi¬ 
ments,  that  neither  the  brain  nor  cerebellum 
are  necefiary  to  the  motions  of  the  vital  or¬ 
gans  ?  By  the  like  kind  of  reafoning,  it  would 
feem,  that  the  nerves  alfo,  and  the  influences 
they  may  have,  are  unneceflary  in  the  produ¬ 
cing  of  thefe  motions,  fince  that  of  the  heart 
has  been  known  to  remain  a  confiderable 
time  after  the  intercoftals  and  eight  pair  of 
nerves  have  been  cut  Do  thefe  experi- 

T  t  ments, 

*  I  (hall  here  take  oecadon  to  obferve,  what  indeed 
would  have  come  in  more  properly  under  Se£t.  i.  p.  6. 
that  there  are  related  by  Molinelli ,  in  the  Comment,  acad. 
Bonon.  vol.  2.  part  2.  the  hiftories  of  two  patients,, 
who,  though  they  had,  in  the  operation  for  the  aneurifm 
in  the  arm,  the  nerve  tied  along  with  the  artery,  yet  re¬ 
covered,  after  about  three  months,  the  entire  ufe  of  that 
member  3  whence  fome  have  npt  fcrupled  to  conclude. 
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ments,  therefore,  which  prove  too  much, 
prove  nothing  at  all  ?  Far  otherwife.  The 
true  inference  is  this ;  That,  fince  various 
experiments  concur  in  fhewing  the  cerebellum 
to  be  more  concerned  in  the  vital  motions 
than  the  cerebrum ,  while  none  at  all  can  be 
adduced  in  proof  of  the  cerebrum  being  more 

immediately 

that  the  nerves  are  not  necefiary  to  motion  or  fenfatiori* 
But  in  this  they  have  rather  been  too  hafty ;  for  Galen 
informs  us,  that  as  often  as  a  nerve  has  been  quite  cut 
through,  the  mufcles  to  which  it  belonged  were  de-^ 
prived  both  of  fenfe  and  motion  f  :  and  many  later  ex¬ 
amples  might  be  produced,  where  the  fame  confequence 
attended  the  deftroying  of  a  nerve,  I  fhall  only  mention 
one,  which  is  confiftent  with  my  own  knowledge.  J.  F. 
who  had  the  nerve  tied  along  with  the  artery  in  the  ope¬ 
ration  for  the  aneurifm  eighteen  years  ago,  continues,  to 
this  day,  to  have  a  numbnefs  and  feeblenefs  of  the  mu¬ 
fcles  of  the  thumb  and  forefinger,  which  are  alfo  a  good 
deal  fhriverd.-—  But  further,  it  appears,  even  from  the 
hillories  now  mentioned,  that  the  immediate  confequence 
of  a  ligature  made  upon  the  nerves  was  a  total  lofs  of 
motion  and  fenfation  in  the  parts  below ;  and  this  hap¬ 
pened  notwithftanding  that  the  blood  continued,  by  two 
pretty  large  arterial  branches,  to  be  diftributed  to  them  : 
which  is  fuch  a  diredt  proof  of  the  necefiity  of  the  nerves 
to  motion  and  fenfe,  as  is  not  to  be  overturned  by  the 
parts  recovering  afterwards  their  power  of  motion,  fince 
this  might  happen  without  any  inconfiftency  to  the  for¬ 
mer  conclufion,  and  in  a  way  unknown  to  us.- — In  the 
hiftory  found  by  Morgagni  among  Valfalva’ s  papers,  and 
related  in  the  fame  volume  of  the  Comment .  Bono?i.  we  are 
told,  the  patient  did  not  recover  the  full  ufe  of  his  arm 

,  till 

f  Dc  motu  mufculoruiTi,  lib.  i.  cap,  s. 
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immediately  neceffary  to  thefe  than  the  cere¬ 
bellum  *,  it  follows,  that  the  vital  organs  have 
their  nerves,  either  wholly  or  principally, 
from  the  latter. 

But  though  the  cerebellum  be  the  chief 
fource  of  the  vital  nerves,  vet  its  deftrudtion 

does 

till  eight  or  nine  months  after  the  operation  for  the  aneu- 
rifm  was  performed.  When  Molinelli  differed  this  arm, 
thirty  years  after,  he  found  the  nerve  not  wanting  in  the 
place  where  the  ligature  had  been  made,  as  were  the  ar¬ 
tery  and  vein,  but  of  a  much  greater  thicknefs  than  ufual, 
and  not  unlike  a  ganglion .  From  this  obfervation,  I 
think,  we  have  reafon  to  believe,  that,  in  Molinelli  s  two 
patients  above  mentioned,  the  nerve  was  not  deftroyed  by 
the  ligature,  but  perhaps  acquired  a  greater  thicknefs  in 
that  part,  and  fo  became,  after  fome  months,  fit  to  perform 
its  functions. 

Upon  the  whole,  the  hiflories  of  the  operation  for  the 
aneurifm  related  in  the  Bononian  tranfadtions,  though 
they  may  perhaps  confound  a  fuperficial  inquirer,  will 
never  incline  an  accurate  and  impartial  one  to  rejedf  the 
doctrine  of  the  nerves  being  neceffary  to  motion  and  fen- 
fation. 

v 

7*  In  the  accurate  Dr.  Ka.au’ s  experiments,  the  vital 
motions  continued  in  a  dog,  above  eight  hours  after  the 
medullary  part  of  the  brain  was  broken  down  into  a  pulp ; 
but  when  the  medullary  fuhftance  of  the  cerebellum  was 
treated  in  the  fame  way,  though  they  did  not  ceafe  in- 
ffantly  yet  they  began  to  fail  in  a  few  minutes  f.  When 
the  cerebellum  was  wounded,  without  touching  the  cere-? 
brum ,  the  heart’s  motion  failed  fooner  than  when  the 
brain  alone  was  wounded  J . 

f  Impet.  faciens.  N.  315. 

^  Ibid.  N.  32.$. 
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does  not  put  an  immediate  flop  to  the  vital 
motions,  for  the  fame  reafon  that  cutting  off 
the  head,  or  tying  the  intercoftal  and  eight 
pair  of  nerves,  does  not  produce  this  effeCt  \ 
i.  e.  becaufe  the  branches  from  the  fpinal 
marrow  which  join  the  intercoftals,  together 
with  the  fpirits  (if  I  may  be  allowed  to  call 
the  influence  of  the  brain  by  that  name)  re¬ 
maining  in  the  trunks  of  the  nerves  and  fibres 
of  the  heart,  are  fufficient  to  keep  up  thefe 
motions  for  fome  time  :  in  man,  perhaps^ 
only  for  a  few  pulfations,  in  young  dogs  or 
cats  for  feveral  hours,  and  in  a  tortoife  for 
fix  months  $  which  iaft  animal,  not  to  men¬ 
tion  other  differences,  has  its  fpinal  marrow 
remarkably  large :  nay,  the  motion  of  the 
hearts  of  many  animals,  after  they  are  taken 
out  of  their  bodies,  affords  us  ocular  demon- 
ftration  of  the  nervous  influence,  lodged  in 
the  fibres  of  the  heart  and  in  the  fmaller  fila- 

i  ’  *  •’*  ‘ 

ments  of  the  nerves,  being  fufficient  to  con¬ 
tinue  the  motions  of  this  mufcle  for  fome 
time,  or  to  enable  it  tp  perform  a  great  num¬ 
ber  of  contractions. 

The  inftances  given  us  of  animals,  whofe 
cerebella ,  upon  opening  them,  were  found 

fcirrhous* 
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fcirrhous,  corrupted,  or  otherwife  difeafed, 
avail  no  more,  towards  proving  that  the  vital 
organs  don’t  derive  their  nerves  chiefly  from 
this  part,  than  do  the  hiftories  of  ofiified  and 
petrified  brains,  or  of  monfters  born  with  no 
brain  at  all,  towards  making  it  a  clear  point 
that  the  brain  and  nerves  are,  in  fadt,  not  the 
fource  of  fenfe  and  motion 

i  *  X  ,  f  * 

But  further  s  did  not  the  vital  organs  re¬ 
ceive  their  nerves  chiefly  from  the  cerebellum , 
and  thofe  of  fenfe,  and  voluntary  motion,  theirs 
from  the  cerebrum  ;  why  fhould  the  latter,  in 
time  of  fleep,  be  affedted  with  a  languor  and 
relaxation,  while  the  former  continue  to  adt 
with  undiminifhed  vigour  ?  Why,  in  a  deep 
apoplexy,  when  the  mufcles  of  voluntary  mo¬ 
tion  are  fcarcely  excited  into  adtion  by  the 
ftrongeft  jlimulus ,  and  when  the  organs  of 
fenfe  are  loft  to  their  proper  objedts,  does  the 
heart  move  with  its  wonted  force  ?  Why  in 
fuch  a  cafe  fhould  the  fphinffer  of  the  pupil, 
and  mufcles  of  deglutition,  refufe  to  obey  their 
ufual  Jiimuli ,  and  the  heart  be  almoft  as  fen- 
fible  as  ever  of  the  irritation  of  the  returning 
bipod  ?  If  the  heart  derived  its  nerves  equal-? 

ly 


*  See  Sedh  1.  N°  1.  above. 
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ly  from  the  brain  and  cerebellum ,  why,  in  apo<* 
plexies,  when  feveral  other  mufcles  of  the  bo¬ 
dy  are  convulfed,  is  it  not  itfelf  affe&ed  with 
ftrong  palpitations  ?  And  why  in  animals  new¬ 
ly  dead  is  not  the  heart’s  motion  renewed  by 
irritating  the  brain,  as  well  as  by  irritating  the 
cerebellum  or  medidla  oblongata  ? 

The  longer  people  have  wanted  deep,  or 
the  greater  fatigue  they  have  endured,  a  re¬ 
cruit  of  fpirits  becomes  the  more  neceffaryfor 
the  free  ufe  and  exercife  of  the  organs  of  fenfe 
and  inftruments  of  voluntary  motion :  and 
whence  is  the  cafe  different  with  regard  to  the 
vital  organs,  unlefs  it  be  that  their  nerves 
differ,  either  as  to  their  origin  or  nature,  from 
the  animal  ones  ?  Why  the  cerebellum  fhould 
not  be  affeded  in  time  of  deep,  as  well  as  the 
cerebrum ,  and  why,  without  any  intervals  of 
red:,  it  diould  at  all  times  furnidi  fpirits  dif¬ 
fident  for  the  purpofes  of  vital  motion,  I  will 
not  pretend  podtively  to  determine ;  only  I 
think  it  pretty  evident  that  the  medulla¬ 
ry  fubftance  of  the  cerebellum  is  by  far  lefs 
liable  to  various  degrees  of  compreffion,  than 
that  of  the  cerebrum ,  as  well  on  account  of 

its 
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its  firmer  texture  and  want  of  cavities,  as  of 
the  different  didribution  of  its  arteries. 

Drinking  largely  of  ftrong  fpirituous  li¬ 
quors  caufes  not  only  fleep,  but  a  Jlupor  alfo, 
and  fometimes  a  real  apoplexy  5  now,  if  thefe 
be  in  a  good  meafure  the  effects  of  a  rarefa¬ 
ction  of  the  blood,  and  confequent  didenfi- 
011  of  the  veflels  in  the  brain,  as  is  probable 
from  diffeCtions,  it  follows,  fmce  the  vital  mo¬ 
tions  continue  after  all  the  animal  functions 
are  fufpended,  that  the  cerebellum  is  not  fo  foon 
affeCted  as  the  brain,  either  becaufe  of  its  firm¬ 
er  fubflance,  or  of  its  differing  in  fome  other 
circumftances  from  the  brain.  But,  as  a  de¬ 
ficiency  of  fpirits  is  allowed  to  be  one  general 
caufe  of  fleep,  as  well  as  a  comprefiion  of  the 
medullary  fubftance  of  the  brain,  it  may  dill 
be  afked,  why  the  vital  fpirits  diould  never* 
like  the  animal,  be  fo  much  exhaufted  as  to 
require  intervals  of  red;  for  their  recruit.  In 
anfwer  to  this,  we  can  only  fay  that,  it  may 
be,  there  is  not  fo  great  an  expence  of  nervous 
power  in  carrying  on  the  vital  motions,  which 
are  very  gentle  and  equable,  as  is  required  for 
the  exercife  of  the  fenfes  and  the  motions  of 
the  voluntary  mufdes,  whofe  contractions, 

though 
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though  not  fo  frequent,  are  yet  much  niore 
violent  %  or  elfe  there  may  be  a  quicker  fecre- 
tion  or  fupply  of  it  by  the  cerebellum  than  by 
the  cerebrum *  If  both  or  either  of  thefe  fup- 
portions  be  true,  the  vital  organs  which,  whe¬ 
ther  we  be  awake  or  deeping,  are  equally  adt- 
ed  upon  by  their  ufual  Jlimuli ,  mull  neceffa- 
rily  continue  their  motions  uninterrupted  and 
undiminiihed  as  long  as  we  live  ;  or  at  lead:  fd 
long  as  the  cerebellum  and  its  nerves,  together 
with  the  organs  themielves,  remain  found, 
and  the  caufes  ftimulating  them  into  adtiom 
are  the  fame. 

That  mufcles,  which  have  their  nerves 
from  the  brain,  may,  even  in  time  of  deep* 
be  excited  into  adtion  by  a  Jlimulus ,  is  mo'ft 
certain  :  I  (hould,  therefore,  have  no  doubt, 
that  the  vital  organs  might  be  kept  continually 
in  motion,  by  the  efficacy  of  the  Jlimuli  act¬ 
ing  upon  them,  even  though  there  were  no 
difference  between  their  nerves  and  thofe  fer- 
ving  the  other  mufcles  of  the  body,  provided 
their  adtion  were  obferved  to  be  fenfibly  weak¬ 
er  in  time  of  deep,  and  to  become  more  re¬ 
markably  languid  in  proportion  as  this  was 
deeper:  but,  as  no  fuch  thing  has  hitherto 

been 
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been  difeovered,  I  cannot  but  be  of  opinion, 
there  is  fome  difference  between  the  vital  and 
animal  nerves,  as  to  their  nature  and  origin, 
to  which,  as  well  as  to  the  conftantly  repeated 
addon  of  their  Jiimuli ,  it  is  owing  that  the 
vital  motions  continue  undiminifhed  in  time 
of  fleep. 

If  it  be  faid,  that  the  vital  organs  are  fo  ex¬ 
tremely  fenfible  of  the  Jiimuli  applied  to  them, 
or  fo  peculiarly  adapted  to  motion,  as  that  their 
addon  muft  be  continued  in  time  of  fleep, 
while  other  parts,  equally  furnifhed  with 
nerves,  are  then,  upon  account  of  their  lefs 
fenfibility  and  fitnefs  for  addon,  more  languid 
and  fluggifh ;  I  would  defire  to  be  informed, 
what  part  of  the  body  is  endued  with  a  more 
exquifite  fenfe  than  the  retina ,  or  what  mufcle 

In  it  can  be  found  capable  of  more  various 

/ 

degrees  of  motion  than  the  fphintfer  of  the 
pupil  ?  and  yet  we  well  know,  that,  in  an  a- 
poplexy,  the  former  lofes  its  fenfibility,  and 
the  latter  all  its  power  of  contradion  $  at  the 
fame  time  that  the  adion  of  the  heart  is  in 
no  degree  weakened.  But,  be  the  vital  organs 
ever  fo  fenfible,  or  well  fitted  for  motion,  they 
muft  necefiarily  ad  with  lefs  vigour  during 

U  u  fleep* 
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deep,  or  in  a  fit  of  the  apoplexy,  if  it  b& 
true,  that  in  thefe  circumftances  the  nervous 
influence  is  more  fparingly  tranfmitted  to 
them,  than  when  we  are  awake  and  in  health. 

The  induftriotis  Haller  is  of  opinion,  that 
there  is  no  difference,  as  to  their  origin  or  na¬ 
ture,  between  the  vital  and  animal  nerves ; 
fince  the  intercoftals,  the  nerves  from  the 
fpine  which  unite  with  thefe,  and  the  eight 
pair  of  nerves,  give  off  branches  to  fome 
of  the  organs  of  fenfe  and  voluntary  motion, 
as  well  as  to  thofe  parts  whofe  motions  are 
vital  and  involuntary 3  and  fince,  he  is 
unable  to  conceive  how,  in  the  fame  nerve, 
the  vital  part  can  remain  undifturbed  and 
without  adtion,  while  the  animal  part  is 
violently  agitated,  and  vice  verfa*.  But  this 
reafoning  proceeds  upon  a  double  miftake, 
as  it  fuppofes,  i ft.  That  the  organs  and  mu¬ 
ffles  of  voluntary  motion  have  no  need  of  vi¬ 
tal  nerves  3  and,  2 dlyy  That  if  two  kinds  of 
nerves  be  diftributed  to  any  part,  they  muff 
always  act  both  together. 

1.  As  to  what  concerns  the  fir  ft  of  thefe 
fuppofitions,  we  have  formerly  obferved  that 

as 

*  Not.  In  Inflitut  Med,  Boerhaave ,  vol  4.  p.  585. 
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as  the  heart  is  excited  into  alternate  contracti¬ 
ons  by  the  ftimulus  of  the  returning  blood,  fo 
the  larger  arteries  owe  their  fyftole  in  part  to 
the  fame  caufe,  while  the  fmaller  veflels,  in 
which  no  alternate  fyftole  and  di aft  ole ,  ari- 
fing  from  the  force  of  the  heart,  regularly 
takes  place,  are  ftimulated  into  alternate  ofcil- 
latory  contractions,  by  the  gentle  irritation  of 
the  fluids  as  they  glide  along  their  tides 
Since  therefore  all  the  veflels  of  animals,  fmal¬ 
ler  as  well  as  larger,  are,  like  the  heart  and 
alimentary  tube,  continually  agitated  with  a 
vital  motion  ;  it  is  highly  probable,  that  not 
any  even  of  the  organs  of  voluntary  motion 
are  wholly  deftitute  of  nerves  derived  from 
the  cerebellum.  So  that  the  objection  brought 
againft  Dr.  Willis  and  his  followers,  who  al¬ 
low  the  third,  fourth,  fifth,  and  feventh  pair 
of  nerves  to  receive  fome  fibres  from  the  ce¬ 
rebellum ,  viz.  that,  in  this,  they  rnuft  be  mis¬ 
taken  becaufe  thefe  nerves  afiift  not  in  the 
performance  of  any  vital  motion,  is  extreme¬ 
ly  ill  founded  ;  for,  as  we  have  juft  now  faid, 
there  is  no  mufcle  in  the  body  whofe  veflels 
are  not  agitated  with  a  vital  fpontaneous  mo¬ 
tion  ; 


*  Se£t.  vi.  N°  1.  &  2.  above, 
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tion  :  and  the  opinion  that  all  the  nerves  have 
fibrils  both  from  the  brain  and  cerebellum , 
which  was  firft  embraced  by  Ridley ,  and  af¬ 
terwards  gone  into  by  Boerhaave ,  is  far  from 
being  improbable  *  „  However,  it  may  be 
fuppofed,  that  while  the  mufcles  of  voluntary 
motion  have  the  largeft  fhare  of  their  nerves 
from  the  brain,  or  from  the  fpinal  marrow 
considered  as  arifing  from  thence,  and  only  a 
few  fibrils  ferving  for  the  ofcillations  of  their 
veffels  from  the  cerebellum ;  the  organs  of  vi¬ 
tal  motion,  on  the  other  hand,  are  fupplied 
more  plentifully,  if  not  wholly,  with  nerves 
from  the  cerebellum ,  as  well  for  the  ofcillato- 
ry  contractions  of  their  veffels,  as  for  their 
motions  as  mufcular  organs. 

But  further,  fince  no  body  can  pretend  to 
affirm,  that  the  intercoftals  and  eight  pair  of 
nerves  proceed  wholly  from  the  cerebellum , 
without  haying  any  fibres  at  all  from  the  ce¬ 
rebrum^  it  were  an  eafy  anfwer  to  Haller  $  ob¬ 
jection  to  fay,  that  the  branches  which  thefe 

nerves 

*  The  olfa&ory  nerves  indeed  Teem  wholly  to  be  deri¬ 
ved  from  the  brain ;  but  the  membrane  of  the  nofe  is  fur- 
nifhed  with  a  branch  from  the  fixth  pair  of  nerves,  to  which 
'the  vibratory  motions  of  its  veffels  are  owing. 
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nerves  give  to  the  organs  of  fenfe  or  volun¬ 
tary  motion,  are  fuch  only  as  they  receive 
from  the  brain. — If  it  be  laid,  that  the  fifth 
pair  of  nerves,  which  is  diftributed  to  the  or¬ 
gans  of  fenfe  and  voluntary  motion,  is  chief¬ 
ly  or  wholly  derived  from  the  cerebellum  ;  it 
may  be  anfwered,  that  to  difcover  from  dif- 
fedion,  with  any  tolerable  degree  of  certain¬ 
ty,  how  far  this  is  fad;  or  otherwife,  is  an  ex- 
tremely  difficult  matter :  but  as  this  nerve 
feems  to  aflift  in  the  formation  of  the  inter- 
Coflal,  and  may  give  branches  to  the  nofe 
and  other  parts,  upon  which  it  is  bellowed, 
for  the  vital  ofcillations  of  their  vefiels,  we 
may  very  well  allow  it  to  be  derived  in  a 
great  meafure  from  the  cerebellum . 

Wheresoever  in  the  prefent  argument  I 
have  fpoken  of  nerves  being  derived  from 
the  brain  or  cerebellum ,  I  defire  to  be  under¬ 
stood  as  including  the  fpinal  marrow,  fo  far 
as  it  can  be  reckoned  a  continuation  of  the 

1  f  -  t 

medullary  fubftance  of  thefe  parts,  or,  to  a- 
gree  with  them  in  its  ftrudure  and  ufe  ;  for 
the  fpinal  marrow  does  not  feem  altogether 
derived  from  the  brain  and  cerebellum ,  but  pro¬ 
bably  prepares  a  fluid  itfelfj  whence  it  is  ena¬ 
bled 
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bled  to  keep  up  the  vital  and  other  motions  for 
feveral  months,  in  a  tortoife,  after  the  head  is 
cut  off. 

2.  Although  two  forts  of  nerves  were 
diftributed  to  the  fame  organ,  it  would  by 
no  means  follow,  that  the  one  could  not  adt 
without  the  other  :  for  if  the  mind  q an  de¬ 
termine  the  fpirits  through  a  few  fibrils  of  a 
nerve,  without  difturbing  others  which  are 
contiguous  to  it 3  and  if  the  impreffions  of  ex¬ 
ternal  objects  are  tranfmitted  to  the  brain  by 
the  nerves  deftined  for  feeling,  without  af- 
fedting  any  of  the  fibrils  which  are  included 
in  the  fame  coats  with  them  3  why  may  not 
the  gentle  irritation  of  the  fluids,  contained 
in  the  veffels  of  a  mufcle,  excite  their  circu¬ 
lar  fibres  into  alternate  cpntradtions,  by  means 
of  the  nerves  derived  from  the  cerebellum , 
without  affedting  the  nerves  from  the  brain, 
in  fuch  manner,  as  to  make  the  mufcle  itfelf 
contradt?  Although  the  nerves  from  the  ce¬ 
rebrum  and  cerebellum  be  contained  in  the 
fame  common  fheath,  yet  they  are  quite  difo 
tindtj  fo  that  there  can  be  no  reafon  for 


ima~ 
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imagining  the  one  may  not  be  aded  upon 
without  bringing  the  other  into  confent. 

But  as  the  real  and  intimate  ftrudure,  and 
the  diftind  ufes  of  the  brain  and  cerebellum > 
as  well  as  the  particular  diftribution  of  their 
medullary  fibres,  are  things  which  we  are 
much  in  the  dark  about,  it  is  no  wonder,  if 
we  frequently  lofe  and  bewilder  ourfelves  and 
readers,  when  we  attempt  to  pufh  our  inqui¬ 
ries  deeply  into  thefe  matters.  Far,  therefore, 
from  expeding,  that  what  has  been  advan¬ 
ced  in  this  Sedion  concerning  the  difference 
between  the  vital  and  animal  nerves,  fhould 
give  every  one  full  fatisfadion,  or  be  thought 
quite  clear  of  all  difficulties;  I  have  only  offer¬ 
ed,  in  a  few  words,  what  feems  moft  probable 
to  myfelf,  being  ready  to  give  up  my  opini¬ 
on,  as  foon  as  further  experiments  or  obfer- 
vations  ffiall  lead  us  to  a  better  and  more 
confident  account  of  this  matter.  Sequimur 
probabiliora  ;  nec  ultra  quam  id  quod  verifimile  r 
occurrit  progredi  pojfumus,  et  refellere  fine  per - 
tinacia ,  et  refelli  fine  iracundia ,  parati fiumns 

*  Ck er on’,  difput.  Tufculan,  lib.  2. 

SECT. 
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SECT,  XIIL 

Concerning  the  motions  obferved  in  the  mufcles  of 
animals  after  death,  or  their  feparation front 
the  bo  dp 

SInce  the  hearts  of  many  animals  continue 
their  alternate  contractions  for  fome  time 
after  they  are  taken  out  of  their  bodies ;  and  as 
this  is  a  circumftance  which  poffibly  may  be 
miftaken  for  an  unanfwerable  objedtion  to  the 
account  we  have  given  of  the  vital  motions* 
*  we  fhall  here  inquire  particularly  into  the 
nature  and  caufe  of  thofe  motions  which  are 
fo  frequently  feen  in  the  mufcles  of  animals 
after  death*  or  their  feparation  from  the  body  5 

and 


*  iC  Sed  manifefto  falfum  eft  motus  omnes  ab  animar 
oriri,  et  abfque  ea  materiem  fore  iinmobilem  fegnem- 
que  maffam.  Nam  vis  contradtilis  ad  ftimulum  quern- 
<c  cunque,  ad  quam  motus  cordis,  inteftinorum,  et  forte 
<c  omnis  motus  in  homine  pertinet,  ne  requirit  quidem  ann 
mae  praefentiam*  fupereft  in  cadavere,  fufcitattir  me-^ 
chanicis  caufis,  calore,  flatu;  neque  deferitfibram,  quam- 
<c  diu  nondum  refrigerata  riguit,  etfi  dudum  animam  abe- 
gerit  deftrudtio  cerebri  cordifque,  etfi,  ex  ipfo  corpore 
ec  revulfus  mufculus,  ab  omni  imsiginabili  animae  fede  fe» 
paratus  fit.”  Haller .  Prim,  lin.  Phyfiolog.  N°  562, 
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and  we  flatter  ourfelves  much,  of  it  will 
hence  appear,  that  inftead  of  being  inconfift- 
ent  with  our  theory,  they  ferve  rather  to  il- 
luftrate  and  confirm  it. 

Several  authors  (fome  of  them  indeed  of 
confiderable  name)  have  aferibed  the  motions 
of  the  heart  after  death,  or  its  feparation  from 
the  body,  to  fome  peculiar  property,  not 
found  in  the  other  mufcles,  wherewith  they 
fuppofe  this  to  be  endued  *  :  but  with  what 
reafon,  will  appear  from  the  following  expe¬ 
riments  and  obfervations. 

1 .  An  eel,  which  I  differed,  moved  the 
mufcles  of  its  body  with  great  force,  for  more 
than  half  an  hour  after  the  removal  of  its 
heart  and  the  other  vifeera ;  and  though  I 
had  not  leifure  to  obferve  them,  I  doubt  not 
but  it  continued  thefe  motions  a  much  longer 
time ;  for  Dr.  Harvey  has  long  ago  inform¬ 
ed  us,  that  not  only  the  heart,  but  alfo  the 
flefh  of  eels  continues  to  move  after  being  cut 
in  pieces. 

2.  I  have  often  obferved  a  frog  turning 
from  its  back  to  its  belly,  and  leaping  about 

X  x  for 

*  Van  Swieten  comment,  in  aphor.  Boerhaave ,  vol.  i. 
p.  I.  &  2. 

L  H .  G,  comment,  in  Boerh,  Inflit.  med.  vq!»5.  p.iQi.  10 4. 
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for  an  hour  after  the  heart  and  other  vifcera 
were  cut  out ;  and  when  its  mufcles  were  at 
reft,  they  have  been  brought  into  convulfive 
contractions,  by  pricking  them  with  a  pin  or 
a  fcalpel :  nay,  a  frog’s  limbs  feldom  fail  to 
move  for  fome  time  after  they  are  feparated 
from  its  body. 

3.  A  tremulous  motion  has  been  obferved 
in  the  mufcles  upon  the  fternum  for  a  quarter 
of  an  hour  after  it  was  cut  out  of  the  body  y 
and,  when  it  had  ceafed,  it  was  renewed  by 
pricking  the  fibres  of  thefe  mufcles  with  the 
point  of  a  knife  The  like  tremulous  mo¬ 
tions  have  continued  for  an  hour  in  the  mu- 
fcle  of  an  ox  feparated  from  its  body  imme¬ 
diately  after  it  had  been  killed,  and,  upon 
their  ceafing,  have  been  recalled,  by  pricking 
its  fibres  with  a  fharp  inftrument 

4.  In  a  young  pigeon,  which  I  killed,  by 
feparating  its  head  from  the  vertebra  of  the 
neck,  the  divided  mufcles  of  the  left  fide  of 
the  thorax  (upon  which  fome  of  the  blood 

thrown 

*  Swencke  Haematol og.  p.  28. 

■.  f  Ibid. 
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thrown  out  of  the  heart  had  been  fpilt)  were 
agitated  with  alternate  contractions  for  about 
ten  minutes.  Thefe  contractions  were  very 
quickly  repeated  at  firft,  but,  like  thofe  of 
the  heart,  became  much  flower  before  they 
ftopt  altogether. 

Were  not  the  alternate  contractions  of 
thefe  mufcles  more  remarkable,  and  of  longer 
continuance,  on  account  of  the  Jiimulus  of  the 
blood  which  was  fpilt  on  them  ?  This  feems 
not  at  all  improbable,  fince,  as  has  been  ob- 

ferved  above  *,  the  motions  of  the  vena  cava 

/ 

feem  to  continue  longer  than  thofe  of  the 
heart,  becaufe  it  is  longer  fupplied  with  blood. 
Befldes,  the  alternate  contractions  which  hap¬ 
pened  to  the  mufcles  of  the  thorax  in  other 
pigeons  which  I  opened,  and  where  no  blood 
was  fpilt,  were  much  lefs  remarkable,  and 
lafted  but  a  very  ihort  time. 


5.  Swammerdam  tells  us,  that,  in  differing 
animals  alive,  he  obferved  contractions,  not 
only  in  every  mufcle  feparated  from  the  body, 
but  alfo  in  every  mufcular  fibre  *f*.  And  the 

fame 

*  Set.  vi.  N°  3. 

f  Tra&at.  de  refpirat.  cap.  7.  p.  67. 
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fame  kind  of  motion  has  been  remarked  in 
the  jmufcular  fibres  of  men,  which  had  been 
cut  away  in  the  extirpation  of  tumors. 

6.  The  vermicular  motion  of  the  inteftines 
remains  for  a  confiderable  time  after  both 
them  and  the  ftomach  are  taken  out  of  the 
body. 

*  Hence  it  appears,  that  all  the  mufcles 
of  living  animals,  whether  they  be  of  the 
voluntary  or  involuntary  kind,  are  agitated 
with  alternate  contradtions,  after  being  dif¬ 
fered  from  their  bodies  3  and,  confequently, 
that  the  vibrations  performed  by  the  hearts  of 
animals,  when  divided  from  their  bodies,  be- 
fpeak  not  any  latent  power  refiding  particu¬ 
larly  in  the  fibres  of  this  organ,  or  which 
they  do  not  (hare  in  common  with  thofe  of 
every  other  mufcle. 

/S  If  the  voluntary  mufcles,  which  in  a 

healthful  ftate  remain  at  reft  when  the  will 

/ 

interpofes  not  to  the  contrary,  are  alternately 
contracted  and  relaxed,  as  well  as  the  heart, 
when  they  are  feparated  from  the  body  ;  it 
cannot  be  concluded,  that,  becaufe  the  heart 
heats  after  fuch  feparation,  it  muft  therefore 


move 
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move  alfo  while  in  the  body  :  on  the  contra¬ 
ry,  it  follows,  that  the  alternate  motions  of 
the  heart  in  living  animals  muft  be  owing  to 
its  being  afted  upon  by  fome  particular  caufe, 
which  does  not  affedt  the  voluntary  mufcles. 

7.  The  heart  of  an  eel,  which  I  cut  out 
of  its  body,  and  divided  into  two,  continued 
its  vibrations  above  twenty  minutes. 

8.  When  the  heart  of  an  eel  inclofed  in 
an  exhaufted  receiver,  after  beating  about  an 
hour,  had  become  very  languid,  and  almoft 
ceafed  from  motion,  Mr.  Boyle  renewed  its 
pulfations,  by  breathing  on  that  part  of  the 
glafs  where  it  lay 

9.  I  have  obferved  the  hearts  of  frogs  beat 
12,  15,  18,  or  30  minutes,  after  being  fepa- 
rated  from  their  bodies ;  and  when  their  mo¬ 
tions  begin  to  languilh,  or  are  juft  about  to 
ceafe,  they  may  be  increafed  or  renewed,  by 
heat  or  pricking  them  with  a  pin. 

10.  The 


*  Philofophic.  Tranfaft.  abridg'd,  vol.  2.  p.  222. 
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10.  The  hearts  of  frogs,  which,  when  firft 
feparated  from  their  bodies,  beat  from  64  to  68 
times  in  a  minute,  performed  from  betwixt 
90  to  100  pulfations  in  the  fame  time,  wThen 
expofed  a  little  to  the  heat  of  the  fire  ;  but, 
after  being  removed  from  it,  their  vibrations 
became  gradually  flower  and  flower,  till  they 
were  no  quicker  than  at  firft.  While 
warmth  thus  increafes  and  renews  the  motion 
of  the  heart,  even  in  thofe  animals  whofe 
blood  is  cold,  too  great  heat  deftroys  it  both 
in  hot  and  cold  animals,  by  producing  fuch  a 
change  in  the  mufcular  fibres,  and  their  fluids, 
as  renders  them  unfit  for  motion.  Hence 
the  heart  of  a  pigeon  or  frog  immediately 
iofes  its  motion  when  ltntnerfed  in  boiling 
water. 

11.  The  hearts  of  vipers  continue  their 
alternate  motions  for  feveral  hours  after  they 
are  fevered  from  their  bodies 

12.  A  viper’s  heart,  which  beat  only  25 
times  in  a  minute,  when  Dr.  Langrifh  firft 
took  it  from  its  body,  was,  by  the  warmth 

of 

%  Boyle  s  Ufefulnefs  of  Experimental  Philofophy, 
part  2.  p.  16. 
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of  his  hand,  foon  made  to  perform  48  vi¬ 
brations  in  that  time  3  and,  being  afterwards 
put  in  water  a  degree  or  two  warmer  than 
human  blood,  it  repeated  its  pulfations  87 
times  in  a  minute 

/ 

13.  Upon  ftretching  a  cock's  neck  fo  as  to 
feparate  the  head  from  the  vertebra  of  the 
neck,  feveral  violent  convulfions  enfued,  and 
in  lefs  than  five  minutes  he  feemed  to  be  quite 
dead.  At  this  time  laying  the  thorax  open* 
I  obferved  the  heart  performing  its  alternate 
motions,  but  much  more  faintly  than  that  of 
a  frog  or  eel  when  feparated  from  the  body. 
Three  minutes  after,  when  the  heart's  mo¬ 
tion  was  become  yet  weaker,  I  cut  it  out  of 
the  body,  and  found  its  veffels  and  cavities 
had  been  filled  with  blood  3  which  was  no 
fooner  evacuated,  than  the  tremulous  motions 
of  this  organ  ceafed  3  nor  could  they  be  re¬ 
called  by  breathing  upon  it,  or  pricking  it  in 
feveral  places  with  a  pin  3  but,  by  touching 
it  two  or  three  times  with  a  red-hot  iron,  a 
vibrating  contraction  was  obferved,  which 
fcarcely  lafted  for  a  fecond. 


*  Croneai}  Lectures,  N°  150* 


14.  Thu 


I 
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14.  The  heart  of  a  chick  taken  out  of  the 
jfhell,  beat  an  hour  after  its  head  and  breaft- 
bone  were  clipp’d  away  with  a  pair  of  fciffars, 
and  the  auricle  retained  its  motion  fome  time 
after  the  heart.  The  motion  of  the  other 
parts  feemed  only  to  furvive  the  lofs  of  the 
head  for  a  few  moments  :  the  heart’s  mo¬ 
tion,  when  about  to  ceafe,  was  frequently  re¬ 
newed  by  pricking  it  with  a  pin.  In  another 
chick  the  heart  was  kept  beating,  by  the  in¬ 
fluence  of  warmth,  above  two  hours  after  its 
head  was  cut  off 

15.  I  laid  open  the  thorax  of  a  young  pi¬ 
geon,  four  minutes  after  feparating  its  head 
from  the  vertebra  of  the  neck,  and  found  the 
heart,  with  its  right  auricle,  which  was  great¬ 
ly  diftended  with  blood,  without  any  motion. 
I  let  a  few  drops  of  warm  faliva  fall  from  my 
mouth  on  the  heart ;  upon  which  its  right 
auricle  began  to  move,  and  continued  re¬ 
peating  its  alternate  contractions  with  remark¬ 
able  vigour  and  quicknefs  for  three  minutes, 
when  they  became  gradually  both  weaker  and 

flower. 

*  Boyles  Ufefulnefs  of  Experimental  Philofophy,  part  2« 
p.  15.  &  16. 
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flower.  At  eleven  minutes  from  the  begin¬ 
ning  of  the  experiment,  the  motions  of  the 

* 

aurick^vere  ftill  flower,  but  were  quickened 
fomewnat  by  pricking  it  with  a  pin.  After 
eighteen  minutes,  the  contractions  of  the  au¬ 
ricle  were  much  more  feeble,  and  not  repeat¬ 
ed  till  after  the  interval  of  7,  8  or  9  beats 
of  my  pulfe  ;  whereas,  at  firft,  they  fucceed- 
ed  each  other  much  more  quickly  than  the 
vibrations  of  my  heart.  Before  the  twentieth 
minute  was  expired,  the  motions  of  the  auri¬ 
cle  ceafed  entirely ;  but  were  fo  far  renewed 
afterwards,  by  filling  the  thorax  with  water  of 
the  fame  warmth  with  the  human  blood,  as 
to  laid  about  two  minutes.  During  all  this 
time,  no  motion  was  obferved  in  the  body  of 
the  heart ;  nor  were  its  fibres  excited  into 
contraction  by  pricking  them  with  a  pin  fe« 
ven  minutes  after  the  thorax  was  opened. 

16.  I  opened  the  thorax  of  another  pigeon 
three  minutes  after  I  had  pulled  off  its 
head  and  made  a  ligature  about  its  neck  :  the 
right  auricle,  with  part?of  the  vena  cava  infe¬ 
rior  adjoining  to  it,  ftill  continued  to  beat,  but 
the  bodv  of  the  heart  was  at  reft  ;  fometime 

0 

Y  y  after. 
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after,  when  the  motions  of  this  auricle  were 
about  to  ceafe,  they  were  renewed  with  their 
former  vigour  by  drawing  afunder  the  tides  of 
the  divided  thorax ,  and  confequently  ftretch- 
ing  the  great  veffels  leading  to  the  heart. 
When  the  auricle’s  motions  were  become  ve¬ 
ry  languid  and  flow,  the  vena  cava  inferior 
made  feveral  contractions  before  the  auricle 
contracted  once  ;  and  it  continued  to  palpi¬ 
tate  for  fome  time  after  the  auricle  had  ceafed 

17.  Immediately  after  feparating  from 
the  vertebra  of  the  neck  the  head  of  a  pigeon 
fomewhat  younger  than  either  of  the  two  for¬ 
mer,  I  laid  open  the  thorax ,  and  found  the 
heart  beating  pretty  ftrongly,  and  at  every  fy- 
ftole  throwing  out  the  blood  with  a  confider- 
able  force  by  a  wound  which  I  had  accident¬ 
ally  made  in  it.  When,  after  a  few  con¬ 
tractions,  its  motion  had  become  much  more 
feeble  and  irregular,  it  was  made  to  recover 
its  vigour  and  propel  the  blood  through  the 
wound  as  before,  by  drawing  the  tides  of  the 
divided  thorax  a  little  afunder.  Sometime 
after  this,  when  the  heart  was  become  much 
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1 

more  languid,  its  contractions  were  renewed 
with  double  force  as  often  as  I  railed  the  point 
of  it  with  my  finger.  About  fix  or  feven  mi¬ 
nutes  after  opening  the  thorax ,  the  motions  of 
the  heart  could  be  perceived  only  in  its  right 
auricle  and  apex,  but  were  by  far  moft  re¬ 
markable  in  the  former.  In  three  minutes 
more,  when  no  motion  could  be  feen  in  the 
body  of  the  heart,  this  auricle  ftill  continued 
to  vibrate,  and  its  motions  were  very  fenfibly 
quickened  by  railing  the  point  of  the  heart, 
and  of  confequence  ftretching  the  great  vef- 
fels  adjoining  to  its  bafe.  At  this  time  a  few 
weak  palpitations  were  excited  in  the  heart  by 
dividing  it  with  a  {harp  knife. 

18.  Some  young  Gentleman  having  hang¬ 
ed  a  cat  till  {he  was  quite  dead,  opened  the 
thorax ,  and  obferved  only  a  tremulous  motion 
in  the  heart  which  foon  ceafed,  but  was  re¬ 
newed  by  pricking  it  with  a  {harp  inftrument; 
after  this,  by  fqueezing  the  cardiac  nerves 
downwards,  or  otherwife  irritating  them,  the 
heart  was  made  to  perform  two  or  three  pulfati- 
ons;  which  it  continued  to  do  for  a  confiderable 

-V  —  * 

time, 
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time,  whenever  the  cardiac  nerves  were  thus- 
ftimulated. 

19.  The  heart  of  a  cat,  which  had  been 
dead  for  four  hours,  was  excited  into  alter¬ 
nate  contractions  by  blowing  warm  air  into 
its  cavities  through  a  tube  fixed  in  the  recepta 
eulum  chyli 

20.  The  motion  of  the  heart  was  renewed 
in  the  fame  manner,  by  Brmnerus,  in  a  dog 
which  had  been  a  good  while  dead  *f\ 

2 1 .  Even  in  man,  the  heart  retains  a  power 
of  motion  for  fome  little  time  after  its  repara¬ 
tion  from  the  body ;  as  appears  particularly 
from  the  well  known  ftory  of  Lord  Verulam 
concerning  a  malefactor,  whofe  heart,  having 
been  cut  out  of  his  body,  and  thrown  imme¬ 
diately  into  fire,  leapt  feveral  times  upwards 
to  a  confiderable  height  J. 

'  .  -  1 

22.  It  is  obfervable,  that  after  the  convul- 
fions,  which  animals  fuffer  at  the  time  of 

deaths 

*  Wepfer.  hiflor.  cicul.  sequat.  p.  89. 

+  Experiment,  circa  Pancreas,  p.  21. 

J  Hiftory  qf  life  and  death,  fedl.  ix.  31. 
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death,  have  ceafed,  their  mufcles  remain  at 
reft,  urilefs  they  are  ftretched,  cut,  expofed  to 
the  air,  or  otherwife  ftimulated. 

From  the  above  experiments  it  follows, 

a  That  the  feparated  hearts  of  fome  anh 
mals,  vibrate  more  ftrongly,  and  for  a  much 
longer  time,  than  thofe  of  others.  N°  9. 1 1 , 1 3  „ 

A  That  animals  of  the  amphibious  kind, 
which  have  either  no  lungs  or  very  imperfedt 
ones,  which  bear  the  air-pump  long,  and 
whofe  blood  is  cold,  as  well  as  languid  in. 
its  motion,  ftiew  ftgns  of  life,  not  only  in  their 
hearts,  but  alfo  in  their  other  members,  for 
a  much  longer  time  after  they  are  feparated 
from  their  bodies,  than  animals  which  have 
more  perfedt  lungs,  hotter  blood,  and  a  quick¬ 
er  pulfe.  Nq  1.  2.  4.  14. 

Those  animals  whofe  parts  preferve  moth 
on  and  appearances  of  life  longeft  after  being 
feparated  from  their  bodies,  feem  to  have  both 
their  fluids  and  folids  a  good  deal  different 
from  thofe  of  other  animals:  their  blood  is  not 
only  colder  but  perhaps  more  vifcid  and  lefs 
diflipable  $  and  their  fibres  are  fo  conftituted, 

that 
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that  neither  conftant  fupplies  of  this  fluid  from 
the  heart,  nor  of  the  influence  of  the  nerves 
from  the  brain,  are  neceffary  to  keep  them  in 
due  order  for  motion  :  thus  frogs,  eels,  vipers 
and  tortoifes  live  and  move  feveral  hours  after 
their  heart  is  cut  out,  and  the  various  parts 
of  their  bodies  continue  to  move  for  a  great 
while  after  all  communication  between  them 
and  the  brain  is  cut  off. 

7  That,  cateris  paribus ,  the  heart  pre¬ 
fer  ves  its  motions  longer  in  young  animals, 
after  its  communication  with  the  brain  is  in¬ 


tercepted,  than  in  older  ones,  N°  13.  15.  i6? 
compared  with  14.  if. 

J  That,  cater  is  paribus ,  the  hearts  of 
thofe  animals  which  continue  to  beat  longeft, 
after  being  feparated  from  their  bodies,  per¬ 
form  their  vibrations  at  the  greateft  intervals. 
N°  9.  10.  compared  with  11.  12,  The  rea- 
fon  of  this  is  eafily  underlined  ;  fmce,  as  has 
been  juft  now  obferved,  in  thofe  animals,, 
whofe  hearts  beat  longeft  after  feparation  from 
their  bodies,  the  blood  is  coldeft  and  its. 

■*  !  *•  1:  JL 

circulation  mo  ft  languid. 

o 

e  That  the  motions  of  the  heart,  after 
death  or  feparation  from  the  body,  are  general- 
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ly  more  confpicuous,  and  laft  longer,  than 
thofe  of  the  other  mufcles.  N°  14. 

?  That  the  right  auricle  continues  to 
move,  after  the  heart  appears  quite  dead. 
N°  14. — — 17. 

n  That  the  vena  cava  and  fmns  venofus 
dexter  preferve  their  motions  ftill  longer  than 
the  right  auricle.  N°  16. 

-  0  That  the  motions  of  the  heart  and  other 

mufcles,  when  feparated  from  the  body,  are 
not  only  at  all  times  increafed,  but  even  re¬ 
newed,  when  they  are  juft  at  an  end,  by  heat, 
wounds,  ftretching  their  fibres,  or  any  thing 
elfe  that  fliall  gently  irritate  them.  N°  2.  3. 
4.  8.  9.  10.  12.—— 17* 

1  That,  after  the  heart  has  entirely,  and 
for  a  confiderabie  time,  ceafed  to  move  in 
dead  animals,  it  may  be  excited  into  adion  by 
ftretching  or  ftimulating  its  fibres  or  nerves. 
No  18.  19.  20. 

x  That  as  in  living  animals  the  voluntary 
mufcles  are  not  convulfed,  except  when  a Jii - 
mulus  is  applied  to  them  ;  fo  in  animals  newly 
dead,  no  convulfive  contractions  happen,  pro¬ 
vided  the  fkin  be  not  fo  cut  as  to  lay  them- 

bare^ 


360  Of  the  Vital  and 

bare,  and  expofe  their  fibres  to  fome  kind  of 
irritation.  N&  22. 

a  Whence  it  follows,  that  the  vibrating' 
contractions  of  the  mufcles  of  animals  after 
death,  or  their  feparation  from  the  body,  can¬ 
not  be  owing  to  any  innate  power,  whereby, 
independent  of  all  external  caufes,  they  move 
themfelves  alternately,  but  muft  be  afcribed 
to  the  adtion  of  a  ftimulus  of  one  kind  or  o- 
ther  Upon  their  fibres. 

When  the  heart  is  taken  out  of  the  body  in 
animals  newly  dead,  the  cutting  alone  muft  be 
a  very  remarkable  ftimulus ,  and  therefore, 
muft  not  only  excite  or  increafe  its  motions, 
but  alfo  make  them  continue  for  a  confider- 
able  time.  When  the  thorax  and  pericardium 
are  only  laid  open,  the  vibrations  of  the  heart 
will  be  increafed  and  continued  by  difteCting 
and  ftretching  thefe  parts  with  which  it  is 
nearly  connected,  (N°  16*  iy.)  and  even  by 
the  external  air  aCting  as  a  ftimulus  upon  its  fen- 
fible  membranes;  for  the  particles  of  this  fluid 
are  never  at  reft,  but  agitated  with  inceffant  vi¬ 
brations.  This  undulatory  motion  of  the  air  is 
fo  remarkable,  as  to  be  obferved  by  the  afiift- 
ance  of  good  telefcopes,  and  is  clearly  enough 

feeit 
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feen  in  the  conftant  whirl  of  dufty  atoms,  and 
other  light  fubftances,  perceived  in  the  ftilleft 
room,  where-ever  the  fun  beams  play. 

The  motions  of  the  heart,  therefore,  in 
animals  newly  dead,  or  after  it  is  feparated 
from  the  body,  are  owing  to  the  ftimulus  of 
the  blood  remaining  in  its  cavities,  to  the  con¬ 
tact  of  the  external  air,  or  to  the  irritation 
which  is  communicated  to  it,  by  ftretching 
or  cutting  its  own  fibres,  or  thofe  of  fuch  parts 
as  happen  to  be  immediately  connected  with 
it. 

In  a  fyncope ,  and  in  animals  newly  dead, 
the  inteftines  continue  their  periftaltic  motion 
after  the  heart  has  ceafed  to  vibrate,  which 
cannot  be  afcribed  to  their  being  more  fitted 
for  motion,  fince  the  heart,  when  feparated 
from  the  body  or  other  wife  irritated,  moves 
more  remarkably  than  they ;  but  is  folely  ow¬ 
ing  to  their  being  adted  upon  by  their  ufual 
Jlimuli )  even  after  the  heart  is  deprived  of  that 
regular  and  alternate  fupply  of  venous  blood 
which  was  wont  to  keep  up  its  motion  :  as 
therefore  the  bile,  air,  and  aliment,  remain 
in  the  guts  equally  after  death  as  before  it, 
they  will  continue  to  excite  the  fibres  of  the 

Z  z  various 
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various  portions  of  this  canal  into  alternate 
contractions,  till  at  length  they  become  quite 
dead  and  rigid  with  cold. 

Mr.  Boyle  tells  us  that  an  eel’s,  heart  being 
placed  in  a  fmall  receiver,  became  very  turgid 
tvhen  he:  exhaufted  the  air,  and  beat  as  ma- 
liifeftly,  and  more  fwiftly  than  it  had  done 
before  thereafon  of  which  phenomenon,  is  ab¬ 
undantly  evident  from  what  has  been  faid  $ 
fince  the  diftraCtion  of  the  fibres  of  the  heart 
thus  fwelled,  muft  have  had  the  tame  effeCt  irk 
quickening  its  vibrations,  as  any  other  Jlimulus* 
Dr.  Harvey  obferved,  that  in  time  of  incu¬ 
bation,  the  chick’s  heart,  whofe  motion  lan- 
guithed,  and  at  length  ceafed  in  the  cold  air, 
quickly  recovered  its  vigour  by  heat,  and  con¬ 
tracted  with  greater  force  and  frequency  as  oft¬ 
en  as  it  was  touched  with  the  point  of  a  needle 
or  any  thing  elfe  that  could  irritate  it  ft  from 
which  it  follows  that  the  fame  caufes  excite 
the  motion  of  the  heart  in  living  animals  and 
thofe  newly  dead,  in  the  body  and  out  of  it. 

The  conclufion  to  be  drawn  from  what  has 
been  faid  is,  that  there  remains  in  the  mufcles 

,  .  of 
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of  animals  and  their  nerves,  for  fome  time 
after  death  or  their  reparation  from  the  body* 
the  immediate  caufe  of  motion,  which  may 
be  excited  into  action,  as  in  living  animals, 
by  any  Jlimulus  or  irritation.  How  or  by  what 
means  this  happens,  fhall  be  the  fubjeCt  of 
pur  next  inquiry. 

Some  have  afcribed  the  motions  of  the  heart 
out  of  the  body,  and  confequently  of  other 
mufcles  feparated  from  it,  to  the  fpirits  remain¬ 
ing  in  their  nerves,  which,  by  the  capillary  at¬ 
traction  of  thefe  tubes,  or  the  cold  conft  ringing 
them,  continue  for  fome  time  to  be  derived 
into  the  mufcular  fibres.  But  from  fuch  an 
equable  derivation  of  the  fpirits,  it  will  be  dif¬ 
ficult  to  account  for  the  regular  alternate  con¬ 
tractions  and  relaxations  of  thefe  mufcles,  or 
for  their  being  excited  and  renewed  by  Jlimu '? 
li  of  very  different  kinds.  > 

Others  have  been  inclined  to  deduce  the 
vibrations  of  the  heart,  when  out  of  the  boT 
dy,  from  the  elaftic  power  of  its  fibres  or 

of 
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of  the  fpirits  lodged  in  them  * ;  which  are 
excited  into  ofcillations  by  any  impulfe  or  irri¬ 
tation,  and  which,  obferving  the  fame  laws 
with  other  elaftic  bodies,  muft  perfift  in  thefe 
tremulous  motions  for  a  confiderable  time. 

But  if  the  motions  of  thp  heart,  or  other 
feparated  mufcles  of  animals,  were  owing  tq 
any  fuch  caufe,  how  could  their  vibrations  be 
excited  by  bringing  a  red  hot  iron  near  therm 
after  the  impulfe  and  tearing  of  a  pin  or  point 
of  a  knife  had  ceafed  tq  have  any  effpdt?  (N°, 
1 3.)  Will  warm  water  heighten  and  increafe 
the  elaftic  powers  of  any  body  ?  Does  it  not 
rather  weaken  and  relax  animal  fibres  ?  And 
how  can  acrid  liquors,  which  communicate 
no  impulfe  at  all,  excite  vibrations  in  an  ela¬ 
ftic  machine  ? 

S  '  * 

Further,  as  the  times  of  die  vibrations  of  a 
pendulum  in  a  cycloid  would  be  exadtly  equal* 
however  unequal  the  arches  which  the  body 
delcribes,  may  be,  were  it  not  for  the  fmall 
inequality  that  the  refiftanpe  of  the  air  neceftar 
rily  Occafions ,  fo  the  vibrations  of  a  pendulum 
in  a  final!  arch  of  a  circle  which  coincides  with 

*  '  •  '  ■  A  ■  V  » 
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fhe  cycloid,  and  the  ofcillations  of  elaftic  bo¬ 
dies,  would  follo  w  one  another  at  equal  inter¬ 
vals  of  time,  were  it  not  for  the  air,  which,  as 
it  refills  a  great  vibration  of  a  pendulum  or  ela¬ 
ftic  body  more  than  a  fmall  one,  muft  confe- 
quently  retard  it  more;  whence,  ftridtly  fpeak- 
ing  the  firft  and  greater  vibrations  of  fuch  bo¬ 
dies  muft  follow  each  other  more  flowly  than 

the  laft  and  fmaller  ones.  But  as  this  differ- 

.+■  -  • 

ence  is  too  inconfiderable,  efpecially  in  fmall 
1  vibrations,  to  be  perceived  by  us;  fo,  in  a  phy- 
iical  fenfe,  we  may  be  allowed  to  fay,  that 
the  vibrations  excited  in  elaftic  bodies  by  any 
external  caufe,  though  they  be  always  decrea- 
fing  in  greatnefs  and  force,  are  yet  perform? 
ed  from  # firft  to  laft  at  equal  intervals  of  time. 
Let  us  now  fee  how  far  the  leparated  hearts  of 
animals  obferve  the  fame  law,  in  their  moti? 
pns. 


23.  The  hearts  of  frogs,  when  firft  their 
thorax  is  laid  open,  generally  beat  from  64  to 
66  times  in  a  minute ;  but  after  they  are  fe- 
parated  from  the  body,  and  have  been  in  mo-* 
tion  fof  fome  time,  their  vibrations  begin  to 
grow  fenfibly  flower,  fo  as  only  to  be  renew¬ 
ed 
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ed  after  an  interval  of  2  or  3  feconds ;  and, 
a  little  before  their  motion  ceafes  altogether, 
I  have  counted  7,  10,  13,  15,  16,  or  more 
beats  of  my  pulfe  #  between  their  pulfations, 
each  fucceeding  pulfation  following  the  for¬ 
mer  not  till  after  a  longer  paufe,  which  at 
laft  ended  in  a  final  flop.  In  the  feparated 
heart  of  a  frog  ( into  whofe  ftomach  I  had 
forced,  about  an  hour  and  a  half  before  open¬ 
ing  it,  a  fmall  quantity  of  opium  diffolved  in 
water)  I  obferved  the  intervals  between  the 
fix  laft  pulfations  to  increafe  nearly  in  the  fol¬ 
lowing  proportion^  n,  13,  16,  19,  23,  305 
which  numbers  denote  how  many  beats  of 
my  pulfe  intervened  betwixt  each  of  thefe 
vibrations.  From  which  it  appears,  that, 
before  the  laft  pulfation  of  this  frog's  heart, 
there  was  a  paufe  of  24  feconds. 

What  is  here  laid  of  the  motions  of  tjie 
feparated  hearts  of  frogs  becoming  remark¬ 
ably  flower  as  they  grow  weaker,  is  alfo  true 
of  the  hearts  of  eels ;  and  holds  not  only  in 
the  pulfations  of  the  right  auricle  of  a  pigeon’s 
heart,  which  remained  in  the  body  after 

death, 

I  X 


*  The  motion  of  my  pulfe  was  at  the  rate  of  7  5  in  a 
minute. 
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death,  (N°  15.),  hut  in  the  contractions  alfo 
of  the  mufcles  of  its  thorax  after  diffeCtion, 

N°  4. 

Since,  then,  the  motions  in  the  hearts  of 
animals  after  death,  or  after  they  are  fepa- 
rated  from  their  bodies,  decreafe  gradually  in 
quicknefs,  as  well  as  in  ftrength,  and  become, 
at  laft,  fo  flow,  that,  before  they  ceafe  alto¬ 
gether,  the  heart  repofes  itfelf,  as  it  were,  for 
a  confiderable  time,  and,  after  appearing  to 
have  been  quite  dead,  performs  yet  another 
contraction  flowly,  and  with  much  feeming 
difficulty ;  it  evidently  follows,  that  they  are 
regulated  according  to  laws  wholly  different 
from  thofe  of  elaftic  bodies  5  and  that  every 
attempt  to  account  for  thefe  motions,  from 
elaftic  powers  of  whatever  kind,  fuppofed 
to  refide  in  the  heart,  mu  ft  be  vain  and  fruit- 
lefs ;  and  can  only  ferve  to  fhew,  that  the 
authors  or  fupporters  of  fuch  opinion  were 
either  ignorant  of  the  nature  of  elaftic  vibra¬ 
tions,  or  unacquainted  with  the  phenomena 
recited  above,  (N°23.). 

We  may  alfo  fee,  from  what  has  been  faidT 
with  how  little  reafon  the  motion  of  the 
heart,  after  its  feparation  from  the  body,  has 

been. 
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been  afcribed  to  the  alternate  adtion  of  its  dif- 
tending  fluids  and  contracting  folids  $  and 
compared  to  the  follis  luforius  y  which  being 
let  fall  from  a  height,  does1  not  lit  ftiil  upon 
the  ground,  but  is  immediately  thrown  off 
from  it,  and  continues  to  rife  and  fall  alter¬ 
nately  for  fome  time 

It  appears,  from  the  experiments  already 
recited,  compared  with  N°  8.  9.  10.  and  11. 
of  Sedt.  I.  and  with  what  has  been  advanced 
Sedt.  X.  p.242.  243.  and  256. — 258*  that 
the  motions  of  the  heart  and  other  miifcles 
after  death,  and  when  feparated  from  the 
body,  are  owing  to  a  fimulus ;  that  where 
no  fimulus  is  applied,  they  either  happen  not 
at  all,  or  foon  ceafe  ;  that,  when  failing,  they 
are  excited  a-new  by  any  irritation  $  and  that, 
in  the  laws  they  obferve,  and  the  phenomena 
they  exhibit,  they  agree  exadtiy  with  the 
motions  which  a  fimulus  excites  in  the  mu- 
fcles  of  living  animals.  But  we  have  fully 
fhewn,  in  Sedt.  X.  that  the  contradtions  of 
the  mufcles  of  living  animals,  arifing  from 
any  thing  that  tears,  diftradts,  or  otherwife 
irritates  their  fibres,  are  not  owing  merely  to 

;  '  the 
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the  peculiar  ftrudhire  and  arrangement  of 
their  parts  as  mechanical  organs,  or  even  to 
the  foie  efficacy  of  any  material  powers  ;  but 
to  their  being  endued  with  feeling,  and  ani¬ 
mated  by  a  fentieht  principle.  Whence  it 
follows,  that  the  motions  of  the  heart  and  o- 
ther  mufcles,  after  death,  or  their  Separation 
from  the  body,  muft  proceed  from  their  fen- 
fbility.  As  long  as  this  fentient  power  re¬ 
mains,  or  is  but  little  impaired,  they  are  im¬ 
patient  of  any  irritation,  and  are,  therefore, 
alternately  contracted  and  relaxed  ;  but  when 
it  becomes  confiderably  weaker,  ftronger  Jli- 
Midi  are  required  to  roufe  them  into  action* 
and  even  then  their  motion  is  more  languid. 
Dr.  Harvey,  whofe  mind  was  neither  blind¬ 
ed  by  prejudice,  nor  prepoffeffed  with  any  fa¬ 
vourite  theory,  but  who  formed  his  judgment 
of  things,  not  as  imagination  might  fuggeft, 
but  from  repeated  experiments  and  observa¬ 
tion,  afcribes,  without  the  leaf:  doubt,  the 
various  and  irregular  motions  of  the  chick's 
heart,  when  irritated  by  different  ftimuli ,  to 
its  being  endued  with  fenfe  *  ;  and  therefore 

A  a  a  compares 
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compares  it  to  an  animal  which  lives,  moves* 
and  feels. 

The  motions  of  the  heart  from  a  ftimulus 
greatly  refemble  the  alternate  contractions  of 
the  pannlculus  carncjus  of  brutes,  when  their 
fkin  is  tickled  or  flung  by  infects  :  and  as  thia 
mufcle  cannot  properly  be  confidered  as  a 
mere  mechanical  organ,  but  as  fomething  a- 
nimated,  which  endeavours  to  throw  off 
whatever  affects  the  furface  of  the  body  with 
any  difagreeabie  fenfation ;  fo  the  motions  of 
the  feparated  hearts  of  animals,  are  not  to  be 
afcribed  to  any  property  they  can  be  poffeffed 
©f  as  mere  material  organs,  but  to  their  be¬ 
ing  ftill  endued  with  fome  kind  of  life  and 
fenfe,  which  makes  them  fhew  an  impatience 
of  whatever  hurts  them,  and  endeavour*  by 
their  alternate  contractions,  to  throw  it  off, 

24.  At  eleven  o’  clock  in  the  forenoon,  I 
injected  a  folution  of  opium  in  water  into  the 
ftomach  and  guts  of  a  frog,  both  by  the 
mouth  and  anus.  In  lefs  than  a  quarter  of  an 
hour,  it  had  loft  a  good  deal  of  its  vivacity 
and  power  of  motion,  and,  when  touched  or 
pricked,  it  dragged  its  limbs  as  though  their 

mufcle# 
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mufcles  had  been  in  fome  degree  paralytic. 
In  little  more  than  half  an  hour,  it  feem’d  to 
Jiave  loft  all  power  of  motion.  At  two  in 
the  afternoon,  when  I  opened  it,  I  found  the 
auricle  of  the  heart,  with  the  large  veflels  at¬ 
tached  to  it,  greatly  diftended  with  blood ; 
but  there  was  not  the  leaft  motion  either  in 
the  heart  or  its  auricle :  nay,  fo  very  infen- 
ftble  were  thefe  parts  become  of  any  ftimulus 
or  irritation,  that  neither  tepid  water,  nor 
pricking  or  tearing  their  fibres,  had  any  in¬ 
fluence  in  exciting  them  into  motion.  Hot 
water,  indeed,  being  poured  into  the  thorax 
and  abdomen ,  made  the  heart  and  inteftines 
fuddenly  fhrink  and  contrail,  in  the  fame 
manner  as  the  flefti  of  any  dead  animal  does 
when  immerfed  in  boiling  water  ;  but  pro¬ 
duced  no  alternate  contractions  like  thofe 
which  follow  the  aCtion  of  a  Jiimulus  upon 
the  mufcles  of  living  animals,  or  of  fuch  as 
are  newly  dead.  Afterwards,  I  cut  off  this 
frogs  head,  and  with  the  point  of  a  probe 
prefled  and  broke  down  the  fpinal  marrow 
into  a  pulp  ;  but  did  not  obferve  the  leaft 
motion  or  convulfion  in  any  part  of  the  body. 


25.  At 
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25.  At  half  an  hour  paft  one  in  the  after-? 
noon,  I  injected  a  iolution  of  opium ,  as  above, 
into  another  frog,  and  opened  it  an  hour  af¬ 
ter.  The  auricle  and  great  veflels  leading  to 
the  heart  were  more  than  ufually  filled  with 
blood,  but  not  fo  much  as  in  the  laft  experi¬ 
ment.  The  heart  ftill  continued  its  motions,, 
but  much  more  flowly  than  in  a  found  ftate  : 
its  pulfations  followed  each  other  after  an  in¬ 
terval  of  about  3-  feconds :  the  diftended  au¬ 
ricle  always  contracted  firft,  and,  after  it,  the 
ventricle.  No  convulftons  happened  in  any 
part  of  the  body  from  irritating  the  fpinal 
pi  arrow,  nor  were  any  of  the  mufcles  of  the 
limbs  or  trunk  brought  into  contraction  by 
pricking  or  tearing  their  fibres. 

26.  I  forced  down  into  the  ftomach  of  ano-= 
ther  frog  a  fmalier  quantity  of  a  folution  of  opi¬ 
um-,  and,  upon  opening  its  thorax  an  hour  and 
three  quarters  after,  I  found  its  heart  beating 
regularly,  but  as  flowly  as  in  the  laft  experi¬ 
ment  :  when  I  cut  it  out  of  the  body,  and  laid 
it  on  a  plate,  it  renewed  its  pulfations  fafter, 
yiz,  once  in  two  feconds;  but,  after  five  or  fix 
minutes,  they  became  as  flow  as  at  firft. 

*  Since, 
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«  Since,  from  thefe  experiments,  it  ap¬ 
pears,  that  opium,  internally  applied,  foon 
renders  the  motion  of  the  heart  in  froes  three 

O 

or  four  times  flower  than  it  naturally  is,  and, 
at  length,  puts  an  end  to  it  entirely,  fo  that  the 
caufes  which  ufe  to  renew  it,  prove  quite  inef¬ 
fectual  for  that  purpofe  ;  and  fince  opium  re¬ 
ceived  into  the  ftomachs  of  animals,  is  well 
known  to  deftrov  the  fenfe  of  feeling,  either 
in  the  whole,  or  in  part,  as  its  dofe  is  greater 
or  lefs  ,  is  it  not  highly  probable,  that  opium 
flops  or  retards  the  motions  of  the  heart,  only 
as  it  renders  it  wholly,  or  in  a  great  degree, 
infenfible  to  the  Jiimulus  of  the  returning  ve¬ 
nous  blood  3  and  that  the  contractions  of  the 
heart,  both  in  the  body,  and  after  it  is  fepa- 
rated  from  it,  are  owing  to  the  fentient  power 
of  its  fibres,  by  which  it  is  made  capable  of 
being  properly  affected  by  various  Jlimuli  f 
As  the  heart  continued  to  beat  after  the 
mufcles  of  the  trunk  and  limbs  were  no  longr 
er  affected  by  any  irritation  ;  it  follows,  either 
that  its  fibres  are  endued  with  a  higher  der 
gree  of  fenfibility  than  the  fibres  of  other  mu¬ 
fcles,  or,  at  leaf!,  that  its  fenfibility  is  not  fp 
foon  deftroyed  by  the  laudanum .  Opium  feems 

tQ 
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to  afFeCt  the  brain  fooner  and  more  remarka¬ 
bly  than  the  cerebellum ;  if  therefore  the  heart 
is  chiefly  fupplied  with  nerves  from  the  latter, 
its  fenfibility  will  not  be  fo  foon  deftroyed  by 
this  poifon,  as  that  of  the  voluntary  mufcles 
whofe  nerves  are  derived  from  the  brain. 

7  Dr.  Kaau  has  obferved,  that  the  convul- 
five  motions  which  were  excited  by  irritating 
or  breaking  down  the  brain  of  a  dog  to  whom 
he  had  given  fix  grains  of  opium ,  were  an 
hundred  times  lefs  remarkable  than  thofe  he 
had  been  in  ufe  to  obferve  in  other  dogs  who 
had  got  nothing  to  lull  their  fenfes  and  ex¬ 
periment  25.  above,  (hews,  that  no  convulfive 
contractions  are  produced,  either  by  irritating 
the  mufcles  themfelves,  or  the  fpinal  marrow 
of  a  frog,  an  hour  after  a  folution  of  opium  is 
injeCted  into  its  ftomach  and  guts :  from 
which  this  inference  is  obvious,  viz.  that 
convulfions  excited  in  dying  animals,  or  fuch 
as  are  newly  dead,  bydilfeCting  the  fpinal  mar¬ 
row,  prefling  it  with  a  probe,  or  breaking 
down  the  brain,  are  folely  owing  to  the  fen¬ 
fibility  of  thefe  parts  to  any  irritation,  and  not 
to  the  fpirits  being  mehanically  propelled 

through 

'  *  impet.  faciens,  N°  435. 
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through  the  nerves  into  the  mufcles,  either 
by  the  cut  veffels  of  the  medulla ,  or  brain  re¬ 
tracing  themfelves  *  ;  or  by  the  prefling 
power  of  the  probe  or  difledting  inftrument 
applied  to  them. 

It  has,  for  many  years,  been  the  prevail¬ 
ing  opinion,  that  opium  produces  its  moft  re¬ 
markable  effedts  on  the  body,  not  by  mixing 
with  the  blood,  but  merely  by  its  immediate 
adtion  on  the  nervous  papillae  of  the  ftomach, 
whence  the  brain  and  whole  nervous  fyftem 
are  affected  in  a  very  furprifing  manner.  In 
fupport  of  this  opinion,  many  arguments  have 
been  advanced,  fome  of  greater,  others  of 
lefler  weight :  but  the  following  experiments 
compared  together,  put  the  truth  of  it  be¬ 
yond  doubt. 

17.  A  frog  continued  moving  its  limbs, 
turning  from  its  back  to  its  belly,  and  leaping 
about  for  above  an  hour  after  I  had  cut  out  its 
heart ;  and  was.  not  quite  dead  after  two  hours 
and  a  half. 

*  Kauii  impel,  faciens  K°  333. 
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28.  Five  minutes  after  taking  out  the  heart 
of  another  frog,  I  injeCted  a  foiution  of  opiunt 
into  its  flomach  and  guts.  In  lefs  than  half 
an  hour  it  feemed  to  be  quite  dead,  and  nei¬ 
ther  pricking,  tearing,  nor  cutting  its  rrlufcles, 
caufed  any  contraction,  in  them,  or  any  mo¬ 
tion  in  the  parts  to  which  they  belonged.  A 
probe  pufhed  into  the  fpinal  marrow, after  cut¬ 
ting  off  its  head,  made  its  fore  legs  contract 
feebly. 

.  Since,  in  this  frog  which  was  deprived  of 
its  heart,  the  parts  of  the  opium  could  not  pof- 
fibly  be  mixed  with  the  ma  s  of  blood,  or  be 
conveyed  along  with  it  to  the  brain,  their 
effeCts  muft  neceffarily  be  deduced  from  their 
direCt  aCtion  upon  the  nerves  and  fibres  of  the 
organ  to  which  they  were  immediately  appli¬ 
ed.  But  to  return  from  this  digreffion. 

Since  the  fenfibility  of  our  fibres  is  owing 
to  their  being  animated  by  a  living  principle 
different  from  matter,  and  of  powers  fuperior 
to  it  (SeCt.  x.),  it  may  be  objected,  that  if  we 
afcribe  the  motions  of  the  mufcles  after  death, 
or  their  feparation  from  the  body,  to  their  be¬ 
ing  endued  with  fenfe,  we  muft  not  only 
fuppofe  the  foul  to  continue  prefent  with  the 

body 
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body  after  death,  but  alfo  to  be  extended  and 
divifible. 

But,  though  thefe  objections,  as  they  are 
founded  in  our  ignorance  of  the  nature  of  the 
foul,  and  its  union  with  the  body,  and  of  the 
manner  of  their  mutual  adion  upon  each  o- 
ther,  ought  to  have  little  or  no  regard  paid 
them  in  a  Phyfical  inquiry;  yet,  to  clear  our 
fubjed,  as  much  as  poffible,  of  all  difficulties, 
we  fhall  confider  them  particularly. 

a  I  think  it  is  not  only  probable,  but  even 
demonftrable,  that  the  foul  does  not  imme- 

-  *  \  ^  .  i  * 

diately  leave  the  body  upon  a  total  ftoppage 
of  the  heart’s  motion,  and,  confequently,  of 
the  circulation  of  the  blood,  i.  e .  upon  what 
we  ufually  call  death  *,  but  continues  for 
fome  time  at  lead:  prefent  with  it,  and  ready 
to  aduate  it*  Thus,  a  variety  of  infeds,  bats* 
hedge-hogs,  and  feveral  other  animals,  which 
continue  in  a  death-like  date  in  the  cold  win¬ 
ter- feafon,  are  reflored  to  life  by  the  kindly 
warmth  of  the  returning  fpring,  which,  as 
it  ftimulates  the  folids  into  contradion,  as  well 

B  b  b  .  as 

*  By  death  is  here  meant  the  general  death  of  the  body 
as  a  fyftem,  and  not  the  particular  death  of  the  feveral 
parts,  which  does  not  happen  for  fome  time  after. 
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i  4 

as  rarifles  and  agitates  the  fluids,  gives  the  la¬ 
tent  foul  an  opportunity  of  fhewing  itfelf  by 
its  effects:  yet,  in  thefe  animals,  during  the 
cold  weather,  there  is  no  circulation  of  the 
blood;  they  are  quite  deftitute  of  feeling* 
may  be  torn  and  cut  in  pieces,  without  fhew¬ 
ing  that  they  have  any  fenfe  of  pain,  and  can¬ 
not  be  diftinguifhed  from  fuch  animals  as  are 
really  dead,  except  in  this  Angle  circumftance, 
that,  by  the  affiftance  of  warmth,  they  may 
at  any  time  be  brought  to  life. 

In  the  Northern  countries,  magpies  and  o- 
ther  fmaller  birds,  after  being  frozen  by  the 
exceffive  cold,  have  been  foon  brought  to  life 
again  by  warmth  nay,  feveral  of  the  hu¬ 
man  kind  have  been  recovered  by  agitating 
their  bodies,  blowing  into  their  lungs,  or  ex- 
poflng  them  to  heat,  after  having  been  for 
hours,  nay  fometimes  days,  to  all  appearance, 
dead,  without  pulfe,  breathing,  or  any  de¬ 
gree  of  natural  heat.  Had  not  the  foul  been 
prefent  with  fuch  bodies,  and  ready  to  actuate 
them,  is  it  to  be  imagined,  that  blowing' 
air  into  the  anus  or  lungs,  that  heat,  friction, 
or  any  other  ftimuli>  could,  as  it  were,  by 

fomc 


*  Flora  Siberica,  praefat.  p.73. 
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fome  magic  charm,  have  called  it  back  from 
diftant  regions  ?  Upon  the  whole,  it  feems 
certain,  that  after  death,  or  an  entire  ft  op  of 
all  motion  in  the  bodies  of  animals,  the  foul 
ftill  remains  prelent  with  them,  and  can  be 
again  brought  to  exert  its  influence,  by  vari¬ 
ous  kinds  of  Jiimuli  applied  to  their  different 
parts.  May  not  then  the  fame  principle  con¬ 
tinue  prefent  with  the  feveral  mufcles  after 
they  are  feparated  from  the  body,  and  be  the 
caufe  of  their  motions  when  irritated  ?  And 
is  it  not  reafonable  to  think,  that  the  renewal 
of  life  in  a  frozen  magpye,  and  of  motion 
in1  the  frozen  heart  of  a  falmon  *,  by  expo- 
fing  them  to  the  heat  of  a  fire,  was  owing 
to  the  fame  caufe,  viz.  to  the  foul  or  fentient 

i 

principle,  which  being  prefent  with  the  body 
of  the  magpye,  and  the  feparated  heart  of  the 
falmon,  was  excited  by  the  Jlimulus  of  heat 
to  put  them  in  motion  ?  But  here  it  will  be 
faid,  that,  not  only  contrary  to  the  opinion  of 
manyPhilofophers,  we  fuppofe  the  foul  to  be 
extended,  but  alfo,  in  oppofition  to  them  all,  • 
feem  to  make  it  divifible ;  which  is  the  fecond 

obje&ion 


*  Peyer  Parerg.  anatom,  7.  p.  200. 
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objection  mentioned  above,  and  to  which  we 
now  proceed  to  give  an  anfwer. 

£  As  the  fchoolmen  fuppofed  the  Deity: 
to  exift  in  every  ubi,  but  not  in  anyplace ,  which, 
as  a  learned  arid  acute  writer  has  well  obferved, 
is  to  fay,  in  Latin ,  that  he  exifts  every  where  y 
but  in  Englijhy  no  where  5  fo  they  imagined  the 
foul  of  man  not  to  occupy  fpace,  but  to  exifl 
in  an  indivifible  point.  Yet,  whoever  con- 
fiders  the  ftrudture  and  phenomena  of  the  ani¬ 
mal  frame,  will  foon  be  convinced  that  the 
foul  is  not  confined  to  an  indivifible  point, 
but  muft  be  prefent  at  one  and  the  fame  time, 
if  not  in  all  the  parts  of  the  body,  yet,  at 
leaft,  where-ever  the  nerves  have  their  ori¬ 
gin  5  i.  e.  it  muft  be,  at  leaft,  diffufed  along 
a  great  part  of  the  brain  and  fpinal  marrow. 
Nay,  while,  ill  man,  the  brain  is  the  principal 
feat  of  the  foul,  where  it  moft  eminently  dis¬ 
plays  its  powers  ;  it  feems  to  exift  fo  equally 
through  the  whole  bodies  of  infedts,  as  that 
its  power  or  influence  fcarce  appears  more  re¬ 
markable  in  one  part  than  another :  and  hence 
it  is,  that,  in  fuch  creatures,  the  feveral  parts 
of  the  body  live  much  longer  after  being  fe- 
parated  from  each  other,  than  they  do  in  man 

and 
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and  the  other  animals  more  nearly  refembling 
him,  where  the  foul  feems  chiefly  to  a£l  on 
the  different  parts  by  means  of  their  conne¬ 
xion  with  the  brain  and  fpinal  marrow ;  or, 
at  leaft,  where  the  cutting  off  fuch  connexi¬ 
on,  foon  renders  the  parts  unfit  to  be  any 
more  adted  upon  by  it.  The  amphibious  ani¬ 
mals  feem  to  hold  the  middle  place,  between 
man  and  the  infedt  tribe,  as  to  the  diffufion 
of  the  foul  through  the  body,  and  its  power 
of  moving  the  various  parts  independently  of 
the  brain. 

It  was  not,  therefore,  altogether  without 
reafon,  that  fome  of  the  greateftPhilofophers 
of  the  laft  and  prefent  age,  fuppofed  the  foul 
to  be  extended 

7 .  But 


*  GaJJendi ,  Dr.  Henry- More,  Sir  Ifaac  Newt  on  ^  Dr.  Sam* 
Clarke. 

GaJJendi  argued  for  the  foul’s  being  extended  in  the  fol¬ 
lowing  manner.  If  it  be  faid,  that  the  foul  refides  in  a 
point  of  the  brain,  this  is  either  phyfical  or  mathematical } 
if  phyfical,  the  difficulty  ftill  remains,  becaufe  this  is  ex¬ 
tended,  and  confifts  of  parts,  and  confequently  the  foul 
muft  be  extended  which  occupies  it  :  if  mathematical* 
which  has  no  dimenfions,  how  can  the  nerves,  which  are 
not  mathematical  lines,  all  terminate  in  that  which  hath 
neither  length,  breadth,  nor  thicknefs.  Gajfend.  objett.  con - 
Ira  meditat.  DeJ ' cartes y  p.  32.  33* 
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But  if  the  foul,  without  extenfion,  be  pre- 
fent  at  one  and  the  fame  time  in  different 
places  of  the  brain  ;  and  if  in  many  animals  it 
can  a dt  along  the  fpinal  marrow  for  a  great 
while  after  the  head  is  cut  off,  why  may  not 
it  alfo  adtuate  parts  feparated  from  the  body3 
without  being  extended  ?  On  the  other  hand? 
if  we  allow  the  foul  to  occupy  fpace,  I  don’t 
fee  why  it  may  not  continue  to  be  prefent 
with  the  parts  of  its  body  after  they  are  fe¬ 
parated,  as  well  as  when  they  were  united. 
And  with  refpedt  to  the  divifibility  of  the 
foul,  which  is  generally  thought  to  follow 
from  the  fuppofition  of  its  being  extended ; 
why  may  it  not  be  a  fubftance  fo  perfectly  and 
effentially  one,  as  that  a  divifion  or  feparation 
of  its  parts  would  peceffarily  infer  a  deftru- 
dtion  of  its  offence  ?  F urther,  if  the  foul  can 
be  prefent  in  all  or  in  any  confiderable  part  of 
the  body  at  one  and  the  fame  time  without 
being  difcerpible,  its  fphere  of  exiftence  be¬ 
ing  fo  much  increafed,  as  to  enable  it  to  adt 
upon  the  parts  when  feparated,  will  not  in¬ 
fer  its  divifibility.  As  the  Deity  is  every 
where  prefent,  and,  in  the  infinitely  diftant 
parts  of  fpace,  adtuates  at  the  fame  time  a  vaft 

variety 
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variety  of  different  fyftems,  without  any  incon- 
fiilency  with  his  unity  or  indivisibility; 
fo,  may  not  the  fouls  of  animals  be  prefent  e- 
very  where  in  their  bodies,  actuating  and  en¬ 
livening  at  the  fame  time  all  their  different 
members?  Nay,  further,  when  the  fibres 
and  threads  connecting  fome  of  thefe  parts 
are  divided,  may  not  the  foul  ftill  aft  in  the 
feparated  parts,  and  yet  be  only  one  mind  ? 

It  mu  ft  be  owned,  there  is  a  great  deal 
of  difficulty  and  obfcurity  in  thefe  matters. 
But  what  hypothecs  can  we  embrace  that  will 
clear  us  of  them,  or  to  what  part  of  nature 
can  we  turn  our  inquiries  where  we  ffiall  not 
find  fomething  to  puzzle  us,  fome  myftery 
at  laft  which  we  cannot  unfold  ?  Nor  is  this 
to  be  wondered  at ;  fince,  in  the  prefent  ftate, 
our  knowledge  is  very  much  limited,  and  we 
have  only  accefs,  as  it  were,  to  the  furface  of 
things  !  But  becaufe  we  cannot  explain  fully, 
are  we  therefore  in  noways  to  attempt  ex¬ 
plaining  the  operations  of  nature  ?  Becaufe, 
in  accounting  for  the  fpontaneous  motions  of 
animals,  and  fliewing  their  dependence  on 
the  foul,  there  occur  fome  difficulties  with 
refpeft  to  the  nature  of  an  immaterial  fub- 

ftance. 
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ftance,  its  manner  of  exifting,  and  way  of 
afting  upon,  or  being  prefent  with  the  body  $ 
are  we  therefore  to  deny  the  reality,  influence 
and  adion  of  this  principle,  which,  from  a 
variety  of  arguments,  appear  undeniable  ?  At 
this  rate,  we  ought  to  give  up  all  inquiry  into 
the  works  of  nature,  and,  with  our  arms  a- 
crofs,  fit  down  contented  in  ignorance  \ 

But,  not  to  perplex  ourfelves  any  longer 
with  metaphyfical  difficulties,  we  lhall  recite 
a  few  experiments  and  obfervations,  from 
which  we  are  led,  by  the  mo  ft  obvious  analo¬ 
gy,  to  conclude,  that  the  motions  of  the  fepa- 
rated  parts  of  animals  are  owing  to  the  foul 
or  fentient  principle  ftill  continuing  to  ad  in 
them. 

29.  A  frog  lives,  and  moves  its  members, 
for  half  an  hour  after  its  head  is  cut  off* ;  nay* 
when  the  body  of  a  frog  is  divided  in  two, 
both  the  anterior  and  pofterior  extremities  pre- 
ferve  life  and  a  power  of  motion  for  a  confi- 
derable  time. 

30.  A  young  cock,  whofe  head  Dr.  Kaau 
fuddenly  cut  off  with  a  fharp  razor,  as  he  was 

running 

*  Kaau  irnpet.  faciens,  N°  331. 
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running  with  great  eagernefs  to  his  food,  went 
on  in  a  ftreight  line  23  Rhinland  feet,  and 
would  have  gone  farther,  had  he  not  met  with 
an  obftacle  which  flopp’d  him  *.  The  fto- 
ry,  therefore,  mentioned  by  Lord  Verulam , 
of  an  oftrich  running  along  the  ftage  after  its 
head  was  ftruck  off  with  a  forked  arrow 
by  one  of  the  Roman  Emperors,  is  no  way 
improbable 


3 1 .  A  viper,  after  being  deprived  of  its  head 
and  intrails,  moved  towards  a  heap  of  flones 
in  a  garden  where  it  ufed  to  hide  itfelf  J. 

32.  The  bodies  of  vipers  not  only  move 
two  or  three  days  after  they  have  been  depri¬ 
ved  of  their  Ikin,  head,  heart  and  other  bow¬ 
els,  but  are  alfo  manifeftly  fenfible  of  pun¬ 
ctures,  by  means  of  which  they  may  be  made 
to  move  with  greater  vivacity  ||. 

33.  The  female  butterflies  into  which  filk 
worms  have  been  metamorphofed,  not  only 

C  c  c  admit 

*  Impet.  faciens,  N°  331. 

f  Sylva  fyl  varum,  on  the  word  life . 

J  Kaau  impet.  faciens,  N°  331. 
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admit  the  male,  after  lofing  their  heads,  but 
.  alfo  lay  eggs  *  * 

34.  REDI  informs  us,  that  a  land  tor- 
toife,  whofe  brain  he  extradted  by  a  hole 
made  in  its  fcull,  in  the  beginning  of  Novem¬ 
ber,  lived  till  the  middle  of  May  following. 
Immediately  after  the  lofs  of  its  brain,  it.fhut 
its  eyes,  nor  ever  opened  them  any  more,  but 
continued  to  move  and  walk  about  until  the 
time  of  its  death.  When  the  fcull  was  o- 
pened,  its  cavity  appeared  quite  clean  and 
fmooth,  and  nothing  was  found  in  it  except 
a  fmall  dry  clot  of  blood.  The  fame  experi¬ 
ment  he  repeated  on  various  other  tortoifes, 
fome  of  which  lived  a  longer,  others  a  {barter 
time,  but  none  of  them  lels  than  fifty  days  *f\ 

35.  A  large  tortoife,  whofe  head  Redi  cut 
off,  allowing  the  blood  to  flow  freely  from 
the  open  vefiels  of  its  neck,  lived  after  this 
twenty  three  days ;  and  though  it  did  not 
walk  about  like  thole  which  were  deprived, 
of  their  brain,  yet  as  often  as  its  fore  or  hind 

feet 

*  Boyle  s  Ufefulnefs  of  Experiment.  Philofoph.  part.  2. 

p.  16. 

f  Obfervation.  circa  animal,  vivent,  p.  209.&21O. 
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feet  were  pricked,  it  moved  them  with  great 
force,  and  was  other  wife  convulfed.  In  two 
tortoifes  which  he  opened  fifteen  days  after 
decollation,  he  faw  the  heart  beating  as  in  a 
living  animal,  and  the  blood  circulating 
through  it  * . 

Here,  we  are  naturally  led  to  obferve,  that 
while  thofe  animals  who  have  a  fmall  brain 
and  large  fpinal  marrow,  live  long  after  decol¬ 
lation  ;  man,  and  moil  quadrupedes,  which 
have  the  brain  remarkably  large,  furvive  the 
lofs  of  it  only  for  a  few  moments. 

a  If  the  motions  of  a  tortoife,  after  decol¬ 
lation  (35.),  or  thelofs  of  its  brain  (3  4.),  cannot 
proceed  from  mere  mechanifm,  but  mu  ft  be 
undoubtedly  afcribed  to  the  living  principle 
which  caufed  its  motions  in  a  found  ftate  $ 
and  if  the  fame  thing  is  true  of  the  aftions 
performed  by  butterflies  after  the  lofs  of  their 
heads  (33.)  5  it  muft  follow,  that  the  motions 
and  other  figns  of  life  which  are  obferved  in 
the  trunk  and  limbs  of  a  frog  for  above  half  an 
hour  after  its  head  is  cut  off  (29.),  are  to  be 
attributed  to  the  fentient  principle,  to  which 
its  motions  and  aftionswere  owing,  when  in 

an 

f  Obfervat.  circa  animal,  vivent.  p.  212.  213. 
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an  entire  ftate ;  and  if  fo,  then  the  motions 
of  this  body,  when  divided  into  two  parts, 
muft  alfo  be  referred  to  the  fame  caufe,  lince 
they  are  of  a  iike  kind,  although  of  fhorter 
duration.  Shall  we  then  deny  that  the  moti¬ 
ons  of  its  feparated  heart  and  limbs,  which  are 
limilar  to  thefe,  and  are  increafed  and  renewed 
by  the  application  of  the  fame  caufes,  pro¬ 
ceed  from  the  fenticnt  principle  ftill  adting  in 
thefe  parts  ?  This  would  be  to  negledl  the 
ftrongeft  analogy  ;  and  muft  be  the  more  in- 
excufable,  as  no  other  caufe  can  be  affigned, 
which  accounts  fo  well  for  the  appearances. 

k  We  have  no  other  way  to  fatisfy  our- 
felves  that  an  animal  is  alive,  or  endued  with 
feeling,  but  by  obferving,  whether  it  thews 
an  uneaftnefs  when  any  thing  hurts,  or  tends 
to  deftroy  any  of  its  parts,  and  an  endeavour  to 
remove  or  avoid  it.  Since  therefore  the  bodies 
of  vipers  make  juft  the  fame  kind  of  motions 
when  pricked  with  a  fharp  inftrument,  two 
or  three  days  after  lofing  their  head,  heart, 
and  other  bowels,  as  if  they  were  entire  (32.) ; 
we  are  naturally  led  to  conclude,  that  they  are 
ftill,  in  fpme  fenfe,  alive  and  endued  with  feel¬ 
ing,  i,  ef  animated  by  a  fentient  principle. 

And 
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And  as  the  mufcular  parts  of  thefe  creatures 
move  after  being  cut  in  pieces,  and  are  fen- 
fible  of  punCtures,  it  alfo  follows,  that  they 
continue  ftill  to  be  animated. 

7  Laftly ,  If  the  motions  of  the  mufcles  in 
a  cock’s  limbs  after  decollation  (30.),  are,  with¬ 
out  difpute,  owing  to  its  foul ;  may  we  not 
alfo  afcribe  to  the  fame  principle,  the  like,  but 
lefs  remarkable,  motions,  in  men  and  qua- 
drupedes,  after  their  heads  are  ftruck  off,  and, 
confequently,  the  tremulous  motions  and 
palpitations  of  their  hearts  too,  after  death 
or  feparation  from  their  bodies. 

T o  fum  up  ail  in  a  few  words ;  from  what 
has  been  faid,  it  appears  undeniable,  that  the 
involuntary  motions  of  living  animals,  and  the 
alternate  contractions  of  their  mufcles,  after 
the  general  death  of  the  body,  or  their  being  ' 
feparated  frqm  it,  are  owing  to  one  and  the 
fame  caufe;  viz,  an  irritation  of  their  fibres 
or  membranes,  or  of  fuch  parts  as  are  nearly 
connected  with  them.  If  then,  as  we  have 
fhewn  (SeCt.  x.),  the  motions  of  animal  fibres, 
from  a  jiimulus ,  moll  certainly  befpeak  a  feel¬ 
ing,  and  cannot  be  explained  unlefs  we  admit 
it  5  and  if  feeling  be  not  a  property  of  matter, 

but 
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but  owing  to  a  fuperior  principle,  it  mu  ft  fol¬ 
low,  by  neceffary  confequence,  that  the  mo¬ 
tions  of  the  heart,  and  other  mufeles  of  ani¬ 
mals,  after  being  feparated  from  their  bodies, 
are  to  be  afcribed  to  this  principle;  and  that 
any  difficulties,  which  may  appear  in  this 
matter,  are  owing  to  our  ignorance  of  the  na¬ 
ture  of  the  foul,  of  the  manner  of  its  exift- 
ence,  and  of  its  wonderful  union  with,  and 
action  upon  the  body. 


CONCLUSION. 

AS  Philofophical  inquiries,  however  agree-? 

able  and  entertaining  they  may  be  to  the 
mind,  become  ftill  more  interefling  when  they 
can  be  applied  to  practice  $  |  intended  to  have 
fhewn,  how  far  the  theory  of  the  vital  and 
other  involuntary  motions,  which  we  have 
endeavoured  to  eftablifh,  may  be  ufeful  tor 
wards  explaining  the  nature  of  feveral  dif- 
eafes,  and  confequentlv  towards  pointing  out 
the  mofl  proper  method  of  curing  them. 
But,  as  this  Effay  has  fwelled  to  a  much 
greater  bulk  than  I  at  firft  expected,  I  fhall 

now , 
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now,  omitting  that  part  of  my  defign,  con¬ 
clude  with  a  reflexion  of  a  different  nature. 

*  «  ,#  *  . 

From  what  has  been  offered,  then,  in  the 
preceding  pages,  it  may  appear,  how  un- 
juftly  the  ftudy  of  Medicine  has  been  accufcd 
of  leading  men  into  Scepticifm  and  irreligion. 
A  little  Philofophy  may  difpofe  fome  men  to 
Atheifm  ,  but  a  more  extenfive  knowledge 
of  nature,  will  furely  have  the  contrary  effeit. 
If  the  human  frame  is  confidered  as  a  mere 
corporeal  fyftem,  which  derives  all  its 
power  and  energy  from  matter  and  motion  ; 
it  may,  perhaps,  be  concluded,  that  the  im¬ 
mense  universe  itfelf  is  deftitute  of  any 
higher  principle  :  but  if,  as  we  have  endea¬ 
voured  to  (hew,  the  motions  and  aitions  of 
our  fmail  and  inconfiderable  bodies,  are  all 
to  be  referred  to  the  active  power  of  an 
immaterial  principle;  how  much  more 
neceffary  muft  it  be,  to  acknowledge,  as  the 
Author,  Suflainer,  and  Sovereign  Ruler  of 
the  univerfal  fyftem,  an  incorporeal  Na- 

1 

ture  every  where  and  always  prefent,  of  in¬ 
finite  power,  wifdom,  and  goodnefs  ;  who 
conduits  the  motions  of  the  whole,  by  the 

moft, 
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moft  confummate  and  unerring  reafon,  with¬ 
out  being  prompted  to  it  by  any  other  im« 
pulfe,  than  the  original  and  eternal  benevo¬ 
lence  of  his  nature  ! 

Nam  quis  non  videt ,  finite  fi  breve  corpus 
Subjicitur  mentis  mens  quanta  fit  ilia  fupremo 
Quce  regit  arbitrio  vafium  quem  condidit  orbem  ? 
Non  poterit  fine  confilio  tam  parva  moveri 
Machina ,  tam  fragilis  ;  te  judice,  tanta  regetur 
Mentis  imps  !  Credant  Epieuri  de  grege  porci 

The  true  Phyfiology,  therefore,  of  the 
human  body,  not  only  ferves  to  confute  thofe 
Philofophers,  who,  rejecting  the  exiftence  of 
immaterial  beings,  afcribe  all  the  pheno¬ 
mena  and  operations  in  nature  to  the  powers 
of  matter  and  motion ;  but,  at  laft,  like  all 
other  found  Philofophy,  leads  us  up  to  the 
First  Cause  and  fupreme  Author  of  all 
who  is  ever  to  be  adored  with  the  profoundeil: 
reverence  by  the  reafonable  part  of  his  crea¬ 
tion.  ,  . 

'*  Polignac.  Anti-Lucret.  lib.  5.  lin.  1376.  &c, 
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